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CAS ‘Ninth 5-Year and Year 2010 S&T 
Development Plan’ Drafted 


946B0187A Beijing ZHONGGUO KEXUE BAO 
/CHINESE SCIENCE NEWS] in Chinese 29 Aug 94 p 1 


{Article by Ke Zhong [2688 5883]] 


[FBIS Translated Text] In order to further mobilize the 
resources of CAS and to make greater contribution to the 
Ninth 5-Year Plan and to China’s S&T, economy and 
social development, CAS began formulating its work 
plan for the Ninth 5-Year Plan in 1993. After more than 
one year of investigation, analysis, and integration, CAS 
proposed the (Draft) “Ninth 5-Year and Year 2010 S&T 
Development Plan,” hereafter known as “the Plan.” 


The Plan was formulated under a set of specific condi- 
tions during a new historical period when China is 
making a transition toward a socialist market economy. 
In this transition, China has made major advances in 
economic and S&T system reform, and market mecha- 
nism and the principle of optimization by competition 
have played their role. As such, the planners had to 
formulate long-term strategies for the future direction of 
CAS and come up with practical administrative mea- 
sures based on the reality of today. The Plan had to 
consider not only scientific development but also 
national needs. It strived to become a blueprint for 
reform and development in the new age and a systematic 
proposal for national S&T development. It also strived 
to be an important basis by which CAS organizes its 
major S&T missions. 


The Plan analyzed the strong demand on S&T by the 
economic and social development of the nation and the 
major trends for S&T development in the world. It 
clearly stated that the period from the “Ninth 5-Year 
Plan” to the year 2010 will be crucial to realize China’s 
economic development strategy and also opportune for 
China’s S&T development. Based on the entire society 
and centered about China’s economic development 
needs and the frontier of science, CAS will adjust tis 
disciplines, missions and mech..nisms, form the most 
superior national S&T team, solve urgent, strategic, and 
comprehensive S&T problems. achieve breakthroughs 
on frontier topics, and make major contributions to 
China’s S&T development. In the meantime, CAS 
should promote society-wide S&T advances by continu- 
ally providing the society with results, technologies and 
technical personnel. In the new age, CAS shall adhere to 
the policy of “devoting major resources to serve the 
national economic development while maintaining a 
strong team for basic research and technological innova- 
tion.” CAS will strive for openness, flexibility, united- 
ness, and competitiveness, and face the nation, the world 
and the future. It will continue to practice two operating 
systems within the same institute and develop itself into 
a national development center for natural sciences and 
new, high technologies. CAS will become a research base 
with international standards, a base for training high- 
level technical personnel, and a base for promoting 
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development of China’s high-tech industry. By the year 
2010, CAS will become a strong S&T backing for sus- 
tained, rapid, coordinated, and stable economic devel- 
opment in China. It will become a national team and a 
world-class research group in China’s progress toward 
the goals of a moderately developed nation and a 
socialist major power. 


Based on the current status of CAS and the national 
requirements, the Plan proposed to build CAS to become 
a comprehensive research and development center for 
natural sciences and high technologies in China. It 
challenged all the CAS staff to not only contribute to the 
development of S&T in China, as their jobs require them 
to, but also to contribute to the economic, social and 
high-tech developments in China. Based on the missions 
faced by the S&T personnel in China and the needs in 
economic and social development, the Plan proposed 
that CAS should stress the following areas: 1) Frontier 
basic research, particularly interdisciplinary research, 
direction-setting basic research, and large S&T projects. 
These efforts are to strengthen China’s economic and 
social development and elevate China’s scientific stan- 
dards. 2) Studies of resources, environment, and ecology. 
\fake observations and collect data in order to provide a 
scientific basis for sustained development and strategic 
policy making. 3) Prioritize and solve wide-reaching 
S&T problems that affect the overall national economic 
development. 4) Promote high, new-tech industry and 
modernize traditional industries. 5) Cultivate and pro- 
vide high-level technical personnel, elevate the S&T level 
of the Chinese society. To this end, the Plan designed 21 
areas, 89 tasks, and 65 basic research topics for CAS to 
serve the national economy during the Ninth 5-Year 
Plan. It also proposed priorities for academic discipline 
development and major projects that are interdiscipli- 
nary and vital to the S&T development. The Plan also 
proposed major scientific projects and macro scientific 
facilities for state support. 


The Plan called for a coordinated development of the 
various disciplines and in the meantime prioritized 
support for scientific areas that are active in the world, 
important to the well-being of the population, and arees 
well established in CAS. The Plan emphasized interdis- 
ciplinary development in life sciences, mathematics, 
condensed matter physics, information science, mate- 
rials science, energy sciences, environmental sciences, 
nonlinear sciences, cognizance science, space science, 
and cluster science. 


To take advantage of CAS’s strength, a set of high- 
priority projects with far-reaching effects, strong promo- 
tional effects for industrial technology and significant for 
societal and scientific development should be estab- 
lished. Macro scientific facilities are a significant indi- 
cator of a country’s general strength in S&T. The 
construction of macro scientific facilities is an important 
benchmark of a country’s general S&T strength and has 
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significant promotional effects on the disciplines 
involved. Macro scientific facilities should be selected 
cautiously through a democratic and scientific procedure 
under the principles of clear objective, innovative 
thinking, unique approach, and within the reach of 
available resources. Macro scientific facilities should be 
built for life sciences and resource and environmental 
observation and monitoring so that they may become 
important bases for research in these areas. 


In order to implement the Plan and to ensure the 
successful completion of the task and the fulfillment of 
CAS’s goals, the Plan proposed five missions for CAS to 
engage in including deeper reform, wider openness, and 
organizational structure adjustment. 


1. Push forward structural adjustments and strengthen 
the construction of bases centered around research 
institutes while maintaining the order of the entire 
institute, the organization of research institutes 
should be further adjusted. Research institutes are 
expected to build new units based on the new mech- 
anism and to accelerate the process of structural 
readjustment and mechanism conversion. Evaluation 
systems should be established for different research 
institutes in order to strengthen the selective support 
of research institutes. 


2. Build up human resources for the next century and 
enhance the S&T ranks. make the research team more 
efficient, put the overall scope under strict control, 
increase 1e percentage of floating personnel, practice 
the special technical services hiring system based on 
positions, gradually implement a new compensation 
system that is based on position wage, project sub- 
sidy, and S&T awards. Establish and perfect per- 
sonnel evaluation and award system, practice across- 
the-board contract hiring system, perfect the 
promotion system based on the maximum service 
years, increase the personnel flow, implement a com- 
petitive system that starts at a higher level and has 
more mobility, implement the hundred-man plan and 
the thousand-man plan for the next century, sensibly 
develop the graduate student education under the 
premise of improved quality and meeting demands. 
Establish a system in which PhD students and Mas- 
ters students also assume the role of researchers and 
scientists, establish and perfect a system in which post 
doctors can be assistant scientists, establish a system 
for visiting scholars, strengthen the ability of the CAS 
to disseminate knowledge to the society, and improve 
the S&T standards of the whole society. 


3. Strengthen macroscopic adjustment and give full play 
to CAS’s strength. To give full play to the strength of 
CAS and ensure the completion of major tasks, mac- 
roscopic adjustment should be strengthened through 
economic, organizational, policy and management 
means while improving the vitality of the institute 
and maintaining the order of CAS. The traditional 
budgeting methods of a planned economy must be 
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transformed into a competitive budgeting method 
that optimizes the allocation of resources and con- 
forms to the market economy. A project responsi- 
bility system should be tried out and major inter- 
institute, interdisciplinary projects should be 
established by forming project cominands and gen- 
eral departments. The leadership of the institute 
should be strengthened. Policy guidance of CAS 
should be upgraded through disciplinary layout, 
major task assignments, and the handling of various 
information. The institute administration should be 
reformed in order to ensure the order of the entire 
institute. 


4. Establish effective social security and research sup- 
port systems. Reforms in retirement, placement, 
medical insurance, housing, and socialized logistics 
should be actively pursued. More housing should be 
built for graduate students and visiting staff. Current 
research and basic facilities should be properly main- 
tained and improved. An institute-wide information 
network should be quickly built so that it may be 
connected to the global network. Development and 
utilization of information resources should be 
strengthened and the publication system reformed. 
Based on currently available resources in China and 
in CAS, build a socialized technical support system. 
An intellectual property rights protection system 
should be implemented. 


5. Reach out and broaden international and interre- 
gional technical exchange and cooperation. Based on 
the scientific development plan of CAS, identify areas 
that deserve strong support for international 
exchange. Actively cooperate with industry and par- 
ticipate in the iniport, digestion, absorption and inno- 
vation of advanced technologies. Build major 
industries with a high potential for creating foreign 
exchange, transfer technology to medium and small 
business overseas, develop an international market. 
Actively organize CAS personnel to participate in 
world-class research projects and global projects. 
Enhance international cooperation by different 
means. Elevate the level of personnel exchange and 
pay attention to high-priority tasks. 


There are three steps in structural adjustment. Step one 
involves completing the discipline layout adjustment in 
two to three years, establishing major projects, imple- 
menting test point of major reform measures in research 
Organization, operating procedures, personnel structure, 
and across-the-board out reach. Step two involves estab- 
lishing a new basic framework and operating mechanism 
of CAS in the Ninth 5-Year Plan period, promoting certain 
important reform activities, accelerating the pace of 
reform and making a generational transition of the 
research ranks. Step three will be beyond the year 2000. 
The goals for step three are mainly the perfection of 
the operating mechanism on the basis of the new frame, 
the establishmeni of an open, orderly self-adaptive system 
for continuous iteration and optimization, and the 
acceleration of the pace of reform. 
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Marked Achievements Made in National Defense 
S&T University by Returned Scientists 


946B0187B Beijing ZHONGGUO DIANZI BAO [CHINESE 
ELECTRONIC NEWS] in Chinese 5 Aug 94 p 4 


[Article by Li Wei [2621 1792]] 


{[FBIS Translated Text] In the last 10 years there has 
been increased personnel flow at the National Defense 
S&T University. The improved opportunities for young 
S&T talent have been a great incentive for returned 
scientists. 


The National Defense S&T University has sent out 200 
some scientists to more than 20 countries and regions for 
advanced study. Both students and visiting scientists 
have treasured their opportunity for going abroad and 
made good use of the time overseas. They have learned 
foreign advanced technology and applied their learning 
to teaching and research after they returned. Their effort 
to create new areas and new science has led to one major 
achievement after another. 


In recent years, more than 50 returning scientists have 
acquired advanced technical title, 10 became depart- 
ment heads, and some others have become members of 
the national high-tech expert groups and deputy chief 
designers. Some returning scientists offered new courses 
and took advantage of the communication channels in 
establishing S&T exchanges with foreign counterparts. 
In the last few years, more than 300 teachers and 
students were sent overseas to attend academic meet- 
ings. They have presented papers in international con- 
ferences, participated in discussion forums, and were 
exposed to advanced experimental facilities and infor- 
mation in developed countries. They have also met 
world famous experts and scholars and broadened their 
minds. More than 20 Chinese scientists received awards 
in international meetings. 


In 1980, Professor Chang Wensen [1603 2429 2773] 
visited Japan and Germany and saw high-tech results in 
walking robots and magnetically levitated trains. He 
later started magnetic levitation research at the National 
Defense S&T University and produced a series of high- 
tech results including a prototype of a magnetically 
levitated train. When Senior Engineer Shen returned 
from the United States, the “Yin-He II” parallel- 
processing supercomputer had some software problem. 
Based on what he learned overseas, Shen completed a 
series of results in a few years. including parallel pro- 
cessing software for “Yin-He II,” software tools for 
“Yin-He II,” and a report entitled “China’s industrial 
policy for supercomputers.” The three achievements 
were awarded respectively the first, second, and third 
prizes for advarices in defense technology. Recently, he 
received the honorable title of “Distinguished returning 
scientist.” Professor Wang Zhengzhi (3769 2973 1807] 
received his PhD in the United States and returned in 
1984. After returning, he successfully developed a “phys- 
iological visual image processing system and intelligent 
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robot neural network system.” He has succeeded in 
solving some problems that have plagued the machine 
vision field in the world for many years. He has also 
blazed a new trail for China’s intelligent robot research. 
In addition, he also designed two economic models for 
the Hunan Province and Yueyang Municipality. These 
models have provided good social and economic bene- 
fits. The economic model designed for Yueyang Munic- 
ipality was awarded the first prize for software to Hunan. 
Professor Li Shengyi [2621 5110 1837], 47, returned 
from Columbia University in April 1990, and led major 
projects under the Chinese national natural science foun- 
dation. Replacing traditional technology with computers 
and electronics, he improved the accuracy of precision 
instrument making by 50 percent, which elevated the 
standard of precision instrument making in China to 
world class. While engaged in research, he has also led 
nine graduate students and published 15 papers. 


Data showed that returned scientists have made innova- 
tions in a dozen areas and accomplished almost 100 
high-quality research projects. Most of these accomplish- 
ments have filled a void in China or have reached world 
standards. 


Construction of Modern Space Center Begun 


956B0039A Beijing RENMIN RIBAO OVERSEAS 
EDITION in Chinese 29 Oct 94 p 1 


[Article by Yang Lianghua [2799 5328 0553], reporter: 
“Promote Development and Testing of Spacecraft to 
High Standard. China Begun Construction of Modern 
Aerospace Center. Foundation Stone Laid for Beijing 
Center of Space Technology Development and Testing 


by Liu Huaging.”] 


[FBIS Translated Text] RENMIN RIBAO news, Beijing, 
28 Oct 94. Reporter Yang Lianghua: The Main Office of 
China Aerospace Industry Corporation (CASC) con- 
ducted a grand ceremony on the foundation-stone-laying 
for the Beijing Center of Space Technology Develop- 
ment and Testing (BCST), and announced that a modern 
space center of China, facing the 21st century, will rise at 
the site. 


Liu Huaqing, Commissioner of the Central Political 
Bureau of the Chinese Communist Party and Vice 
Chairman of the Central Military Commission, person- 
ally unveiled the foundation and broke the ground. 


The decision of building BCST is to fulfill the demands 
for high-standard development of application satellites 
and other spacecraft. The project is listed as a national 
key construction item. The commencement of the BCST 
construction signals that China’s space industry will 
progress in leaps and bounds. It is a great event in the 
aerospace history. When the BCST construction is com- 
pleted, the entire process, beginning from individual 
system products to the complete assembly and testing of 
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spacecraft as well as environmental experiments and 
other procedures, can be conducted in a relatively con- 
solidated clean environment. Thus, product qualities 
can be assured and management can be modernized. The 
person in charge of the Main Office of CASC com- 
mented that the completion of BCST will bring the 
development and testing of China’s spacecraft to a new 
level and higher stage. China’s aerospace technology will 
provide better service to the modernization of national 
economy. On behalf of the Party Central Committee, the 
State Council, and the Central Military Council, Liu 
Huaqing conveyed hearty congratulations and cordial 
respect to the science and technology experts as well as 
the engineering and technology personnel who diligently 
work in the frontline of aerospace science and tech- 
nology. He said, “The aerospace technology is important 
realization of the nation’s combined strength. To work 
hard to develop the aerospace technology so that China 
can join the global high-tech field is significant to our 
international standing, our national solidarity and self- 
confidence, the acceleration of China’s unification, as 
well as developments in the related fields of national 
economy.” Liu hoped that the project engineers would 
demonstrate the soaring spirits of self-reliance, hard 
work, vigorous cooperation, and ambition so that 
China’s modern aerospace center will take shape and 
present itself to the world. Song Jian, State Council 
Member and Minister in Charge of State Science and 
Technology Commission, sent a letter of congratulation 
on the occasion. 


It is reported that BCST will be the research and test base 
for China’s spacecraft. The first phase of construction 
mainly includes the establishment of laboratories for 
control and guidance, structure mechanism, radio com- 
munication, and data management; factory buildings for 
final assembly and evaluation; as well as laboratories for 
failure analyses and simulations, space environment and 
vibration experiments. At the same time, all the assorted 
installations will be built. The construction area of 
BCST is 100,000 square meters, and land for future 
development is reserved. BCST will be a display window 
for China’s achievements in aerospace high technology. 
This will improve conditions for the furthering of 
international cooperation in aerospace development. 


Sino-Japanese Joint Investment Software 
Research Institute Established 


956B0039B Beijing KEJI RIBAO [SCIENCE AND 
TECHNOLOGY DAILY] in Chinese 15 Nov 94 p I 


[Article by Zhou Ganpu [0719 2413 2528], reporter, 
KEJI RIBAO: “Sino-Japanese Joint Investment Soft- 
ware Research Institute Established”’] 


{[FBIS Translated Text] KEJI RIBAO news, Beijing, 14 
Nov 94, reporter Zhou Ganpu. The NEC-Software 
Research Institute of the Chinese Academy of Sciences 
Company, LTD, (NEC-SRCAS), co-invested by the 
Nippon Electric Company (NEC), Japan, and the Soft- 
ware Research Institute of the Chinese Academy of 
Sciences, held an opening ceremony of the company. 
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NEC is ranked the fifth largest enterprise in the world in 
semiconductor, computer, and communication tech- 
nology. Its combined strength is the most powerful in 
electronic industries. 


The newly established NEC-SRCAS is an economic- 
entity research institute. The investment is ¥ 150 mil- 
lion. In Beijing’s New Technology Development 
Experimental Zone, the company has already opened a 
high-caliber software research and development facility, 
equipped with the newest workstations and computers. 
Additionally, all the computers are in a network, which 
is linked to the international network of NEC through 
telephone networks. Technical personnel can conduct 
software research and development in an environment 
where the most current information in the world is 
readily accessible at any time. 


The goals of the NEC-SRCAS are two: first. to offer 
comprehensive software service to the China market; and 
secondly, to sell to the service industries the necessary 
full-scale software packages. 


Minister Hu Qili Describes New Development 
Model for Electronics Industry 


95P60122A Beijing JISUANJI SHIJIE [CHINA 
COMPUTERWORLD) in Chinese No 4, 25 Jan 95 pl 


[Article by Liu Jiuru] 


[FAIS Summary] At the National Electronics Industry 
Work Conference convened on 17 January in Beijing, 
Minister of Electronics Industry Hu Qili delivered a report 
on modernization of the domestic electronics industry. In 
his report, he described a new development model for the 
electronics industry: a conversion from the traditional 
manufacturing industry to the modern electronic informa- 
tion industry. The new model links material production 
and intellectual property rights, equipment production 
with systems integration, hardware manufacturing with 
software production, and industrial production with the 
transportation and services industry. 


In terms of technologies and projects, Minister Hu 
revealed that the new development model wil! focus on 
implementing major information systems such as those 
of the Three Golden Projects, applications systems, 
databases, value-added services networks and service 
systems, and information resource sharing. Based on the 
information market demand, China will promote devel- 
opment and production of stored-program-controlled 
telephone switches, fiber optic and mobile communica- 
tions equipment, fax machines, minicomputers, and 
automated teller machines; and several production 
groups will be organized. 


In addition, the minister said that the electronics industry 
will focus on development, production, and instaliation of 
equipment used in the following sectors of the economy: 
energy resources (including the Three Gorges project). air 
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traffic control, transportation, agriculture, metallurgy, 
medical treatment, and culture and education. Via devel- 
opment and production of Chinese information processing 
software, multimedia technologies and tool software, and 
applications software packages, the domestic software 
industry will be gradually strengthened. In addition to 
improving the quality of traditional consumer electronics 
products made here, the industry will expand further into 
industrial production of modern audio and video goods 
such as high definition television [HDTV], laser discs, 
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digital sound systems, and camcorders. To strengthen the 
electronics industry’s foundation, the “908” Project will be 
implemented; this will promote development of the inte- 
grated circuit (IC) industry by establishing the following 
goals for the next few years: industrialized production of 
0.8-1.0 micron ICs, batch production capacity for 0.5- 
0.6-micron IC products, and mastery of 0.3-0.4-micron 
technology. Development and industrialization of color 
picture tubes, large screens, HDTV sets, and LCDs will 
also be promoted. 
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Size Optimization of Composite Conductors for 
High-Tc Superconducting Magnets 

95P60123A Hefei DIWEN YU CHAODAO 
{CRYOGENICS AND SUPERCOND®'CTIVITY] 
in Chinese Vol 22 No 4, Nov 94 pp 15-18 


[Article by X:a0 Liye [5135 4539 2814], Han Shuo [7281 
2592], and Lin Liangzhen [2651 5328 4176] of th C AS 
Institute of Electrical Engineering, Beijing, MS received 
30 May 94, revised 30 Jul 94] 


[FBIS Abstract] Based on analysis of the stability perfor- 
mance of high-Tc superconducting (HTS) composite 
conductors, the sizes of these conductors must be opti- 
mized to ensure the highest stability performance of 
HTS superconducting magnets. Silver-based (Ag-based) 
multicore composite HTS ribbon, while providing high 
critical current and high critical current density, is diffi- 
cult to twist to form the HTS magnet—making size 
optimization all the more important. 


Based on their minimum propagation zone theory, the 
authors derive the following parameters (all with T = 
77K) for Ag-based multicore HTS ribbon used for HTS 
magnets: specific heat is 10° J/m’, heat-transfer coeffi- 
cient is 10*W/m’/K, subsirate resistivity is 3 x 10° 
ohm-m (with magnetic field of 5T). half-thickness a = 0.1 
mm to 0.16 mm and half-width b = 1.6-2.5 mm for an 
adiabatic stable current I = 400 A or dynamic I = 400 A. 
These values are feasible given current techniques for 
fabricating HTS ribbon. No figures, | table. 


References: 
1. Y. Yamada et al., Preprint of ISS’92. 


2. J. Tenbrink et al., IEEE TRANS. APPL. SUPERCON., 
3(1993), p 1123. 


3. Qi Zhiwei et al., State Superconductivity Key Tasks 
Annual Report [in Chinese] (Oct 1991-Dec 1992), p 207. 


4. Xiao, L.Y. et al., Preprint of ICMC/CEC'93. 


5. M.N. Wilson, “Superconducting Magnets,” Clarendon 
Press, Oxford, 1983. 


6. Xiao Liye, Han Shuo, and Lin Liangzhen, 
DIANGONG DIANNENG XIN JISHU [NEW 
TECHNOLOGY IN ELECTRICAL ENGI- 
NEERING AND ELECTRICAL ENERGY], No 2, 
1994, p 1. 


Development of Data Acquisition System for 
High-Tc RF-SQUID Magnetometers 
40100020A Hefei DIWEN YU CHAODAO 
[CRYOGENICS AND SUPERCONDUCTIVITY] 
in Chinese Vol 22 No 4, Nov 94 pp 59-64 


[English abstract of article by Li Wenquan of Changchun 
University of Earth Sciences: “Development of Data Acqui- 
sition System for HTc RF-SQUID Magnetometers”; MS 
received | Aug 94] 
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[FBIS Transcribed Text] The A/D conversion of output 
signals of high-Tc RF-SQUID [radio-frequency super- 
conducting quantum interference device] magnetome- 
ters is often needed in many applications, for computers 
have to be used to analyze and process the data. The high 
sensitivity of the high-Tc RF-SQUID magnetometer, 
however, makes it very susceptible to electric pulse 
interferences generated from the digital circuits of the 
data acquisition system. 


Furthermore, high-Tc RF-SQUID magnetometers some- 
times generate magnetic flux quantum jumps. These 
problems bring us three difficulties in the design of the 
data acquisition system: (1) how to suppress the inter- 
ferences from the digital ground loops of the data acqui- 
sition system, (2) how to subtract and record the 
characteristics of magnetic flux quantum jumps, (3) how 
to compensate the voltage errors caused by the flux 
jumps to ensure the normal operation of the data acqui- 
sition system. All of these problems have been success- 
fully solved by the data acquisition system g:ven here. 


References: 


1. R.M. Bowman et al., “Assessment of HTS Step-Edge 
Thin-Film RF-SQUID for NDT.” SUPERCOND. 
SCI. TECHNOL., 6(1993):91-95. 


2. H. Ohta et al.. “Neuromagnetic SQUID Measure- 
ments in a Helmet-Type Superconducting Magnetic 
Shield of BSC-CO,” IEEE TRANS ON APPL. 
SUPERCOND., Vol 3 No 1. March 1995 


3. Y. Taprin et al., “A YBa,Cu,O, Thin-Film SQUID 
Gradiometer for Measurements in Unshielded 
Space,” IEEE TRANS. ON APPL. SUPERCOND., 
Vol 3 No 1, March 1993. 


Bismuth-Based High-Tc Superconducting Magnet 
Developed by Beijing Institute 

95P60119A Beijing ZHONGGUO KEXUE BAO 
[CHINESE SCIENCE NEWS} in Chinese 30 Jan 95 p I 


[Article by Zhou Fangyan] 


[FBIS Summary} Scientists from the Beijing General 
Institute of Nonferrous Metals, under contract with the 
State Superconductivity Center, have developed a bis- 
muth-based high temperature superconducting magnet 
with a magnetic field strength of 1100 gauss at a temper- 
ature of 77K. The magnet consists of almost 100 meters of 
high temperature superconducting ribbon wound into a 
cylinder with an outer diameter of 58 millimeters, an 
inner diameter of 18 millimeters, and a height of 50 
millimeters. This development indicates bright prospects 
for future applications of domestic high temperature 
superconducting materials. 
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Parallel Processing Software System KD-PARPRO/ 
V2.0 Certified 


95P60125A Beijing JISUANJI SHIJIE [CHINA 
COMPUTERWORLD) in Chinese No 5, 1 Feb 95 p 2 


[Article by Tan Keyang: “New Advances in Domestic 
Research on Supercomputer Parallel Processing 
Technology”’] 


{[FBIS Summary] The “Program Parallelizing Tech- 
niques and Its System KD-PARPRO/V2.0” project, 
supported by grants from NSFC and the National 
Defense Basic Research Fund, recently passed expert 
appraisal in Changsha. This software system, developed 
over a five-year period by University of Science and 
Technology for National Defense (USTND) Computer 
Institute Prof. Chen Fujie [7115 4395 2234] and Dr. Jin 
Guohua [6855 0948 5478], was certified by the expert 
panel as meeting current advanced international stan- 
dards for massively parallc! processing (MPP) software 
systems, and will provide a major impetus to further 
domestic research and applications of MPP systems. 
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The KD-PARPRO/V2.0 system, which automatically or 
semiautomatically converts serial source code into par- 
allel source code, is a crystallization of in-depth research 
on data correlation theory, parallel program design lan- 
guages, serial program parallelizing techniques, parallel 
computer architectures, parallel execution mechanisms, 
parallel program optimization techniques, and compiler 
scheduling techniques. The system is designed both for 
serial FORTRAN program parallelization and for par- 
allel FORTRAN program optimization with the goal of 
high-efficiency operation on parallel computers. In cor- 
relation analysis and parallel recognition capabilities, 
the system is stronger than foreign systems of the past 
few years such as the Convex compiler, the ASPAR 
program parallelizing tool, and the parallel reconfigura- 
tion accelerator PFA running on an SGI POWER com- 
puter. In program reconfiguration functions, the system 
is superior to the ASPAR and PAT parallelizing systems 
widely used around the world today. 


KD-PARPRO/V2.0 has a wide variety of applications in 
science and engineering, including oil exploration, 
weather forecasting, and computational flow dynamics. 
Some of the system’s kernel technology is now being 
used with the Galaxy series of supercomputers. 
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Experimental Research on Torpedo Target 
Recognition Technology 


95P60105A Wuhan HAIJUN GONGCHENG XUEYUAN 
XUEBAO [JOURNAL OF THE NAVAL ACADEMY OF 
ENGINEERING] in Chinese No 4, Dec 94 pp 82-87 


[Article by Li Hongbin [2621 1347 2430}, Jiang Xingzhou 
[5592 5281 5297] and Yuan Bingcheng [5373 4426 2052]: 
“Experimental Research on Torpedo Target Recognition 
Technology”; MS received 23 Jun 94] 


[FBIS Abstract} Methods and technologies of radar 
target recognition are analyzed and a feature extraction 
algorithm for submarine target recognition based on the 
characteristics of underwater acoustic environments and 
targets is presented. A corresponding device imple- 
mented with the TMS320C25 digital signal processor 
(DSP) has been developed. Results of an experiment 
performed in a test pool show that the method and 
system are practicable. 


The feature extraction algorithm is based on time- 
domain preprocessing and Fourier-Mellin transform 
(FMT) preprocessing to generate the feature vectors. 
Experimental parameters are as follows: the test pool is 4 
m x 6 m, submarine model length is 2.5 m, distance of 
target from transducer is 2.5 m, transmitted signal is a 
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sine-wave filler pulse, operating frequency is 40 kHz, and 
pulse width is 1 ms. Four figures show a flow chart for 
the preprocessing, feature extraction, and comparison 
with stored data; a schematic of the hardware, including 
A/D and D/A converters, cache memory, control cir- 
cuits, interfaces, the DSP chip, and an AST286 micro- 
computer; the FMT for list angles of 30, 45, and 90 
degrees; and the FMT for the submarine model com- 
pared to that of a 0.5 m x 0.6 m copper plate and of the 
pool wall. There are no tables. 


References: 


1. Li Hongbin, “Experimental System for Underwater 
Target Recognition” [in Chinese], Master’s Thesis, 
Naval Academy of Engineering, Feb 1994. 


2. Zwricke, P.E., ““A New Implementation of the Mellin 
Transform and Its Application to Radar Classifica- 
tion of Ships,” IEEE, 1983, PAMI-5(2). 


3. Texas Instruments, TMS320C25 User’s Guide, 1986. 


4. Guo Guirong, “Status of, Technical Methods for 
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Ti:Sapphire Tunable Laser Attains CW Output 
Power of 650mW at 980 nm 


95P60108A Shanghai ZHONGGUO JIGUANG 
[CHINESE JOURNAL OF LASERS] in Chinese 
Vol A21, No 12, Dec 94 p 980 


[Article by Zhang Qiang [1728 1730] et al. of the CAS 
Shanghai Institute of Optics and Fine Mechanics and 
Sun Xiaoquan [1327 2556 3123] et al. of the Dept. of 
Physics, University of Science and Technology of China; 
MS received 19 Oct 94] 


{[FBIS Summary] We have developed a continuous-wave 
(CW) titanium-doped sapphire tunable laser with an IR- 
band CW laser output power of 650mW at a laser wave- 
length of 980 nm and a pump laser power of 10 W. This 
system uses an Ar-ion pump laser (488 nm and 514 nm 
full-line) and a laser rod 4 mm x 4 mm x 21 mm in size, 
with an absorption coefficient of 1.18/cm and a quality 
factor of 235. Pump threshold oscillation power is 3.2 W, 
slope efficiency is 11 percent, bare-cavity oscillation Ti:- 
sapphire laser output line width is 0.04 nm, laser output 
line width after a single birefringent crystal is inserted in 
the cavity is 0.02 nm, and output power instability is less 
than 2 percent. At laser output wavelengths of 1015 nm 
and 1030 nm, CW laser output power is 650mW and 
110mW, respectively; pump threshold oscillation power is 
5.4 and 6.3 W, respectively; and slope efficiency is 8 and 3 
percent, respectively. Tunable range for this laser is 
880-1050 nm. 


Self-Mode-Locked Ti:Sapphire Laser Ultrashort 
Pulse Width Under 31 fs Reported 


95P60108B Shanghai ZHONGGUO JIGUANG 
[CHINESE JOURNAL OF LASERS] in Chinese 
Vol A21 No 12, Dec 94 p 987 


[Article by Zhang Qiang [1728 1730] et al. of the CAS 
Shanghai Institute of Optics and Fine Mechanics, Dai 
Jianming [2071 1696 2494] and Wang Qingyue [3769 
3237 2588] of the Dept. of Precision Instruments at 
Tianjin University, and Zhong Qinghua [5907 1987 
5478] and Kong Fan’ao [1313 4907 2407] of the CAS 
Beijing Institute of Chemistry; MS received 19 Oct 94] 


[FBIS Summary] Using our own high-quality Ti:sa- 
pphire crystal, we have achieved high-efficiency 
ultrashort-pulse laser output. With a laser rod 4 mm x 4 
mm x 5 mm, an absorption coefficient of 6.2/cm, and a 
quality factor of 120, and using self-mode-locked tech- 
nique, with an Ar-ion laser (488 nm and 514 nm full- 
line) pump power of 6 W (laser rod absorption power of 
4.5 W), we achieved a laser rod output pulse width under 
31 fs [femtoseconds], a laser output power over 150mW, 
a pump threshold of 5 W, and an output laser wavelength 
of 780 nm. When pump laser power is 6.5 W (laser rod 
absorption power of 5 W), single-start self-mode-locked 
CW operation lasts two hours. 
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New-Generation IR Detector, Microwave Optical 
Fiber Delay Line Certified 


95P60120A Beijing ZHONGGUO DIANZI BAO [CHINA 
ELECTRONICS NEWS} in Chinese 13 Jan 95 p 7 


[Article by Yu Ruming] 


[FBIS Summary] The model GM6241C 128 x 128- 
element platinum-silicide (PtSi) Schottky barrier 
infrared (IR) focal plane array (FPA) and the model 
GG8001I microwave optical fiber delay line developed 
as 863 Program projects by MEI’s Institute 44 have 
passed product design finalization. The former device, 
China’s first IR FPA with 16,000 elements, has an 
operating wavelength of 3-5 microns and a conversion 
efficiency of 99.99 percent. This product has applica- 
tions in national defense, transportation monitoring, 
medical diagnostics, environmental monitoring, and 
industrial measurement. The latter device, with a large 
frequency bandwidth, long delay time, low noise, high 
linearity, and large dynamic range, is designed for a 
50-ohm coaxial SMA input, has a standard output inter- 
face, and meets recent international standards. It has 
applications in electronic countermeasures [ECM], 
tracking radar, cable TV, and other communications 
areas using analog delay lines and phase-shifting 
discriminators. 


Room-Temperature Cu:MgF, Tunable Laser 
Developed by Anhui Institute 


95P60120B Beijing ZHONGGUO KEXUE BAO 
[CHINESE SCIENCE NEWS] in Chinese 27 Jan 95 p 2 


[Article by Zhang Jianping] 


[FBIS Summary] The nation’s first room-temperature 
cobalt-doped magnesium fluoride (Co:MgF,) tunable 
laser, developed in 1994 by scientists in the Laser 
Spectroscopy Open Laboratory at the CAS Anhui Insti- 
tute of Optics and Fine Mechanics, has passed CAS-level 
appraisal in Hefei. Tuning range is 1.815-2.322 microns 
(1815-2322 nm), laser output energy is 80 millijoules, 
and conversion efficiency is nine percent. The Co:MgF, 
crystal was furnished by the State Construction Mate- 
rials Bureau’s Artificial Crystals Institute. This laser 
has applications in medical treatment, aeronautics, 
and space remote sensing, especially for detection of 
atmospheric components and mineral resources. 


Five 863 Pro Achievements of Chongqing 
Optoelectronics Institute Certified . 


95P60120C Beijing ZHONGGUO KEXUE BAO 
[CHINESE SCIENCE NEWS} in Chinese 6 Feb 95 p 2 


[Article by Chen Hua] 


[FBIS Summary] Of the 37 achievements of the Chong- 
qing Institute of Optoelectronics Technology certified in 
late December 1994, five were 863 Program major 
achievements. These included a 128 x 128-element 
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infrared (IR) CCD [charge-coupled device] meeting mid- 
eighties international standards and selling for 25,000- 
30,000 yuan apiece, one-fourth of the US$10,000- i 5,000 
price for comparable devices. Another of the first three 
achievements is research on growth of indium antimonide 
(InSb) thin films via domestically made MBE [molecular 
beam epitaxy] equipment; this research has applications in 
defense, scientific research, and environmental protection. 
The last of the first three achievements is development of 
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a microwave optical fiber delay line, which has applica- 
tions in electronic countermeasures [ECM], tracking radar 
and other defense areas, and cable TV and other commu- 
nications areas using analog delay lines and phase shifting 
discriminators. The final two achievements include devel- 
opment of an extrinsic silicon infrared focal plane array 
(IR FPA) and an MOCVD-grown [metallo-organic 
chemical vapor deposition] HgCdTe [mercury cadmium 
telluride) thin film. 








This report may contain copyrighted material. Copying and dissemination 
is prohibited without permission of the copyright owners. 














JPRS-CST-95-004 
17 March 1995 


Major Bank Provides 300 Million Yuan Loan to 
Three Golden Projects 


95P60093A Beijing JISUANJI SHIJIE [CHINA 
COMPUTERWORLD) in Chinese No 49, 21 Dec 94 p 1 


[Article by Liu Jiuru] 


[FBIS Summary] On 17 December 1994, Minister of 
Electronics Industry Hu Qili and the Industrial and 
Commercial Bank of China President Zhang Xiao for- 
mally signed an agreement whereby the bank would 
provide a 300 million yuan loan to the Three Golden 
Projects, China’s National Information Infrastructure 
(NII) program. The Industrial and Commercial Bank 
will work along with the State Council and the People’s 
Bank of China on providing funding and other services 
to the Ministry of Electronics Industry and to specific 
firms working on the Three Golden Projects. 


China Aerospace Industry Corporation Joins 
Forces With Jitong Corporation on Three Golden 
Projects 

95P60093B Beijing JISUANJI SHIJIE [CHINA 
COMPUTERWORLD] in Chinese No 49, 21 Dec 94 p 1 


[Article by Liu Jiuru] 


[FBIS Summary] On 15 December 1994, the China 
Aerospace Industry Corporation (or State Aerospace 
Bureau) and the principal firm in the nation’s Golden 
Bridge Project, Jitong Communications Corporation, 
signed a full cooperation agreement on implementing 
this project, the construction of a national public eco- 
nomic information network. According to the agree- 
ment, the two parties will work together on specifications 
design, engineering and construction, network manage- 
ment, production of full sets of equipment, coordination 
with domestic and foreign firms, and recruiting per- 
sonnel. Vice Premier Zou Jiahua, who is also chairman 
of the joint council on national economic information 
modernization, stressed the fact that this major social 
systems engineering project, covering the entire nation 
and stretching into the next century, is the infrastructure 
for the people’s economic information modernization. 


NT Sets Up Two Joint Ventures 


40100016A Beijing BEIJING REVIEW in English 
19-25 Dec 94 p 27 


[Article by Li Ning] 


[FBIS Transcribed Text] Northern Telecom (NT), one of 
the world’s leading telecommunications suppliers, has 
entered an important phase of its growth in China. 
During the recent visit of Canadian Prime Minister Jean 
Chretien to China the company signed a total of US$260 
million in sales agreements, including the establishment 
of two joint ventures related to the electronics industry. 


The Guangdong-Nortel Telecommunications Switching 
Equipment Ltd. is being established by NT and seven 


TELECOMMUNICATIONS i 


Chinese business partners. The new firm will undertake 
the design, engineering, manufacture, sale and installa- 
tion of the DMS Super Node family of switching prod- 
ucts in China. The firm is expecting to go into 
production in early 1995. It will have an annual produc- 
tion capacity of 2 million telephone subscriber lines. 


The other is the Advanced Semiconductor Manufac- 
turing Company of Shanghai, which has three Chinese 
partners and the Philips Company of the Netherlands. It 
will operate a large-scale integrated circuit wafer 
foundry. The joint venture will have a production 
capacity for CMOS and Bi-CMOS exceeding 200,000 
wafers per year. It will also provide VLSI circuits for the 
NT Shanghai Company. “Northern Telecom’s invest- 
ment in this facility will result in it becoming the best 
and most technologically advanced VLSI circuit produc- 
tion facility in China,” said Arthur MacDonald, 
chairman of Nortel China. 


NT Sells DPN Data Networks to China 


40100016B Beijing BEIJING REVIEW in English 
19-25 Dec 94 p 27 


[Article by Li Ning] 


[FBIS Transcribed Text] Northern Telecom (NT) of 
Canada has completed over US$16 million in sales of 
Magellan DPN-100 series data networks switching 
equipment in China in 1994, the top selling in its field. 
The sales further enhance NT’s growing role as a leader 
in China and Asia in data networks switching area. 


From January to October 1994, NT was awarded con- 
tracts by the provincial Posts and Telecommunications 
Authorities (PTA) of Gansu, Hebei, Henan and Sichuan, 
as well as Xinjiang Uygur Autonomous Region for the 
new Magellan DPN-100 data networks. In addition, the 
PTAs of Fujian, Liaoning, Shandong and the Ministry of 
Posts and Telecommunications (MPT) have expanded 
their existing Magellan DPN-100 data networks. The 
MPT network, known as CHINAPAC, is a backbone 
data network which exclusively uses Magellan DPN-100 
series equipment to link all of China’s 31 provinces, 
autonomous regions, and municipalities. It began 
operating in early 1994. 


In a bid to further expand sales, NT has set up a joint 
venture with the China National Posts and Telecommu- 
nications Industrial Corporation and the MPT Nanjing 
Telecommunications Equipment Factory, and they 
began assembling Magellan DPN-100 series data 
switching equipment in Nanjing in 1994. 


“Northern Telecom is determined to be the supplier of 
choice for China’s growing data and multimedia net- 
works. The assembly of DPN equipment by the Nanjing 
Telecommunications Equipment Factory is an impor- 
tant demonstration of our commitment to technology 
transfer to China. We look forward to working with our 
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customers to further develop their data communications 
networks,” said Ming Li, senior managing director for 
NT (Asia) Ltd. 


Minister Hu Qili Provides Update on Three 
Golden Projects 


95P60107A Beijing JISUANJI SHIJIE [CHINA 
COMPUTERWORLD} in Chinese No 4, 25 Jan 95 p I 


[Article by Liu Jing: ““Golden’ Character Project Series 
Sees Real Advances”’] 


[FBIS Summary] At the 1995 National Electronics 
Industry Work Conference held 17-20 January 1995 in 
Beijing, Minister of Electronics Industry Hu Qili pro- 
vided an update on the Three Golden Projects [i.e. 
China’s national information infrastructure program— 
FBIS}. He also introduced two new “golden” projects 
which, along with the above, have now come to be called 
the “Golden” Character Project Series. 


The Golden Bridge Project [i.e. China’s state-funded 
information superhighway program designed to link 
departments of the State Council with 500 cities and 
more than 12,000 enterprises and research institutes— 
FBIS] is becoming a true nationwide economic informa- 
tion network. Minister Hu revealed that first-phase 
construction of the Beijing network control center has 
been basically completed, with initial testing of the 
system of multimedia (simultaneous sound, data, and 
images) terminals showing good results. The Golden 
Bridge Project’s leading firm, the Jitong Corporation, 
has signed agreements with 24 provinces and cities for 
joint construction tasks; these tasks include interconnec- 
tion with dedicated networks—such as those used by the 
Ministry of Water Resources, the State Council’s Special 
Economic Zones Office, the Ministry of Internal Trade, 
the State Education Commission, the Chinese Academy 
of Sciences, the National Nonferrous Metals Corpora- 
tion, and the China Aircraft Industries Corporation— 
and other networks. Construction of all the local stations 
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is to be basically completed within the first quarter of 
1995, along with initial operation of the entire network. 


In the Golden Customs Project [oriented toward paper- 
less foreign trade—FBIS], designed to interlink foreign 
trade and customs officials with foreign trade businesses, 
development of four applications systems—for export 
duty refunds, foreign exchange settlement, license veri- 
fication, and import/export statistics, respectively—has 
been completed. Moreover, the network control center 
and EDI [electronic data interchange] value- 
added-services platforms have been built. Interconnec- 
tion with networks of the Ministry of Posts and 
Telecommunications and all foreign trade organs is now 


in progress. 


In the Golden Card Project [designed to replace cash 
with credit cards—FBIS], the first group of 12 pilot cities 
has been selected, product standards have been set, and 
equipment for producing ATMs [automated teller 
machines] and IC cards [i.e. “smart’’ cards—FBIS] has 
been readied. The basic information exchange service 
center is now being constructed. 


The two new “golden”? projects are the Golden Taxes 
Project and the Golden Sea Project. The Golden Taxes 
Project is a satellite network for the accounts-clearing 
system of the People’s Bank of China. So far, the Beijing 
main audit center has been built and interconnected to 
50 central cities. The network includes over 40 VSAT 
{very-small-aperture terminal] satellite stations, appro- 
priate applications software systems, and almost 800 
regional and county-level value-added taxing points. 
Finally, the Golden Sea Project is an information system 
designed to provide central financial and economic 
authorities with parametric data in support of macroeco- 
nomic policy. This project was undertaken by the Hua- 
guang Electronics Group and completed in October 
1994. Seven authorities, including the State Statistical 
Bureau, the People’s Bank, and the State Information 
Center, have been interconnected since trial operation 
began at the end of 1994. 
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Experts View Role of Nuclear Physics in China’s 
Basic, Applied Research Fields 


946B0153C Beijing ZHONGGUO HEGONGYE BAO 
[CHINA NUCLEAR INDUSTRY NEWSPAPER] 
in Chinese 9 May 94 p 1 


[Article by correspondent Song Wenji [1345 2429 2638]: 
“Blueprint for the Ninth 5-Year Plan in Nuclear Physics”] 


{[FBIS Translated Text] According to nuclear physicists 
from Lanzhou Institute of Modern Physics, Shanghai 
Institute of Nuclear Research and Beijing Institute of High 
Energy Physics who attended the nuclear physics planning 
meeting for the Ninth 5-Year Plan at the Chinese Academy 
of Sciences, nuclear physics is having a major impact on 
basic and applied research in China. A number of basic 
research facilities have been built. In the Ninth 5-Year 
Plan, we must stress innovation in cutting edge technology, 
work together to develop the necessary equipment to 
obtain some new accomplishments that are at world-class 
level. 


With giant progress in accelerator and nuclear detection 
technology, astonishing results have been obtained in 
nuclear physics with added degrees of freedom and at 
new levels. China is a recognized player in nuclear 
physics research throughout the world. It should be able 
to maintain its standing in the Ninth 5-Year Plan and in 
the early 21st century. Therefore, basic and applied 
research on nuclear physics will continue to be strongly 
supported. 


Experts pointed out that nuclear physics is not only 
making remarkable progress within its own domain but 
is also deeply permeating other disciplines. It plays an 
important role in the development of other fields in 
physics. 


Nuclear physics research and nuclear technology appli- 
cation in China have progressed significantly since the 
founding of the present government. They have contrib- 
uted a great deal to our defense and the national 
economy. In recent years, we constructed several 
advanced large-scale experimental facilities such as the 
Lanzhou heavy ion accelerator and were recognized 
worldwide for a number of outstanding results in low- 
and medium-energy collision and thermal nuclear 
research, synthesis of nuclides away from the line of 
stability, heavy ion beam applications and medium- and 
high-energy physics research. The strategy, guiding prin- 
ciple, major fields of research and necessary conditions 
and facilities for the development of nuclear physics in 
the Ninth 5-Year Plan were discussed in the meeting. 
Experts hope that authorities will strongly support the 
construction of a cooling storage ring and a secondary 
radioactive beam at the Lanzhou heavy ion accelerator 
and the development of a linear separation device and a 
detector system with detectors for 4x charged particles, 
neutron and neutrino to ensure that the Institute of 
Nuclear Physics of the Chinese Academy of Sciences can 
maintain its superiority in worldwide competition in the 
Ninth 5-Year Plan. 
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Largest Cryogenic System in China Completed 


946B0181A Beijing WULI [PHYSICS] in Chinese 
Vol 23 No 7, Jul 94 pp 447-448 


[Article by Wu Songtao [2976 2646 3447], Chinese 
Academy of Sciences, Institute of Plasma Physics] 


[FBIS Translated Text] The largest liquid-helium liquid- 
nitrogen cryogenic system in China was recently com- 
pleted at the Institute of Plasma Physics of the Chinese 
Academy of Sciences (CAS) and began test operation. 
This system is an important part of China’s controlled 
thermonuclear experimental fusion research facility— 
the HT-7 superconducting Tokamak, whose construc- 
tion is near completion. This system has the capability of 
producing 180 liters of liquid helium and 600 liters of 
liquid nitrogen per hour. Its construction not only pro- 
vides a good foundation for the operation of China’s first 
superconducting Tokamak facility, but also signifies a 
giant step in the advancement of China’s cryogenic 
technology. 


In order to catch up with the developed nations in fusion 
research, the Institute of Plasma Physics of the CAS has 
signed an agreement with the Kurchatov Atomic Energy 
Research Institute to jointly develop a large-scale ther- 
monuclear fusion experimental facility, the HT-7 super- 
conducting Tokamak and its supporting cryogenic 
system. Since this facility has the capabilities of plasma 
heating, electric-current drive, and multiple diagnosis, it 
can be used to perform high-temperature, quasi-steady 
state plasma research, and to provide valuable experi- 
ence in the design, development and operation of a 
hybrid fusion-fission reactor as part of China’s “863” 
planned energy development program. The construction 
of the HT-7 facility will fill China’s technology gap in 
magnetically-confined superconducting thermonuclear 
fusion research, and will place China as the fourth 
country that owns such a facility after Russia, France, 
and Japan. This facility will rank third in size, after 
France’s Tore Supra and Russia’s T-15. 


A key element in maintaining normal operation of the 
HT-7 superconducting Tokamak facility is the reliable 
cooling provided by the liquid-helium, liquid-nitrogen 
cryogenic system. The radius of the large rine of the 
HT-7 is 1220 mm; the 24 circular superconducting 
longitudinal-field windings have an average diameter of 
1010 mm and a thickness of 150 mm. The total cooling 
weight is 14 t and it requires forced-flow internal cooling 
using 3.8-4.2K two-phase (gas-liquid) helium. In terms 
of its size and cooling weight, it is undoubtedly the 
largest magnet ever built in this country. In order to 
minimize the amount of thermal radiation on the longi- 
tudinal-field windings, 80K cooling screens are placed 
inside and outside the windings; the screens contain 
approximately seven tons of circulating liquid nitrogen. 
The heat load of the HT-7 during normal operation is 
expected to be 130 W/4.2K +50 I/h liquid helium 
and 130 I/h liquid nitrogen. To dissipate this load, 
it is necessary to construct a huge liquid-helium, 
liquid-nitrogen cryogenic system. 
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The cryogenic system consists of three parts: The first is 
a liquid-helium low-temperature subsystem, which con- 
tains two 600 W/4.5K helium cooling units, a purifier, a 
circulating compressor, and a gas collection and storage 
unit; its main function is to provide forced-flow cooling 
for the 24 circular superconducting longitudinal-field 
windings. The second is an 80K circulating cooling 
system which contains a 1 m°* nitrogen separator, a 
mixer, a gas-liquid throttling valve, and a liquid-nitrogen 
pump; its main function is to provide cooling for the 
inner and outer screens of the longitudinal-field wind- 
ings. The third is a liquid-nitrogen generating and distri- 
bution system which contains two Russian-built air 
distributors and two Chinese-built air compressors. The 
cryogenic system is equipped with four liquid-nitrogen 
storage channels with a total capacity of 80 m°; there are 
230 m of vacuum super-insulating pipes for transporting 
liquid helium and liquid nitrogen. 


The HT-7 requires a very large cryogenic system that 
involves sophisticated state-of-the-art technologies such 
as forced-flow helium cooling and long-distance low- 
temperature pipes. Only a few companies in developed 
countries have the capability to manufacture and install 
such equipment. However, with close cooperation from 
Russian experts, scientists and engineers at the Institute 
of Plasma Physics were able to complete the installation 
and testing of a million-dollar facility in just two short 
years. Furthermore, they have also acquired a good 
understanding of the key features and the operation of 
the cryogenic system. After several months of test oper- 
ation, the performance of the system has been shown to 
meet or exceed design specifications, and is expected to 
fully satisfy the cooling requirements of the HT-7. 


Because of its unmatched cryogenic capability and its 
liquid-helium and liquid-nitrogen storage capacity, the 
HT-7 cryogenic system has become China’s No. | liquid- 
helium, liquid-nitrogen cryogenic center. In addition to 
providing reliable cooling for the HT-7 facility, the 
center also provides technical expertise in low- 
temperature technology to different organizations 
around the country that require such service. Last 
October, a “Technical Symposium on Low-Temperature 
Protection for MRI (Magnetic Resonance Imaging) 
Equipment” was held in Hefei. The symposium was 
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jointly sponsored by the Institute of Plasma Physics, the 
Beijing Tiantan Hospital and the Shangtong Institute of 
Imaging Science. At the symposium, representatives 
from 19 different organizations participated in active 
discussions on such topics as MRI superconduction, 
liquid-helium dissipation, etc. They were all impressed 
by the Institute of Plasma Physics’ ability to construct a 
cryogenic system of such size within a relatively short 
time. 


In recent years, the application of low-temperature tech- 
nology in many industries and scientific disciplines has 
been growing constantly. Not long ago, a group of 12 
world-renowed scientists in nuclear fusion headed by the 
honorary director of the European Community Fusion 
Research Center, Professor Palunbu were given the 
opportunity to visit the HT-7 facility and review its 
planned research projects. After the visit, they made the 
following comment: “The construction of the. HT-7 
facility will give China a broad-based capability 
to develop advanced technologies in the field of 
low-temperature engineering.” 


Superconducting Magnetic Field Exciter Current 
in HT-7 Tokamak Reaches 5060 Amperes 


95P60118A Beijing ZHONGGUO KEXUE BAO 
[CHINESE SCIENCE NEWS} in Chinese 13 Jan 95 p 1 


[Article by Jian] 


[FBIS Summary] In late 1994 to early 1995, scientists at 
the CAS Institute of Plasma Physics completed joint 
debugging tests on all the systems of the HT-7 tokamak, 
including the superconducting ring, the ultrahigh- 
vacuum system, the low temperature system, the ohmic 
field and equilibrium field system, the power supply. the 
diagnostic system, and the data acquisition and com- 
puter processing system. On 28 December 1994, they 
produced a magnetically confined plasma; supercon- 
ducting magnetic field exciter current reached 5060 
amperes, exceeding the value of 4800 amperes reached 
by scientists from the former Soviet Union with the T-7 
tokamak. The Chinese achievement forms a solid basis 
for further domestic research in long-pulse fusion plasma ~ 


physics. 
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Alleviating Strain on Electric Power Through 
Integrated Resource Planning 


956B0011A Beijing ZHONGGUO NENGYUAN [ENERGY 
OF CHINA] in Chinese No 8, 25 Aug 94 pp 11-13 


[Article by Wang Shumao [3769 28° ° 5399] and Yin 
Chongyi [1438 1504 5030], State Planning Commission, 
Energy Research Institute, CAS: “An Effective Method 
of Alleviating the Strain on China’s Energy and Electric 
Power System: Early Implementation of Integrated 
Resource Planning” ] 


[FBIS Translated Text] 


I. Urgency of the Situation: 


China’s newly added electric power generating capacity 
in 1993 was more than 14 million kW and its annual 
power output was 815 billion kWh. In 1993 the nation- 
wide energy shortfall was about 20 percent or more than 
160 billion kWh. It is estimated that by the year 2000, 
the national demand for electricity will be at least 1.47 
trillion kWh, so that in the next seven years it will be 
necessary to add between 120 and 130 million kW of 
capacity each year, which will require an investment of 
650 billion yuan. It is estimated that domestic funding 
still falls 220 billion yuan short of this figure and that the 
domestic equipment supply falls short by about 50 
million kW. 


Under the above circumstances, in order to alleviate the 
constraint that the electric power bottleneck places on 
the sustained, rapid, healthy development of the 
national economy, China’s strategy for developing the 
electric power industry must involve diligent implemen- 
tation of an approach in which exploitation and conser- 
vation are equally emphasized, abandoning a primary 
reliance on increased investment in fixed assets as a 
means of expanded reproduction. 


II. Integrated Resource Planning: An Optimized Energy 
Resource Management Technique 


Under current energy management techniques, the 
supply and demand sides are managed separately, which 
is one of the main factors responsible for the situation in 
which shortages of energy and especially of electric 
power coexist with wastage. Integrated resource planning 
can effectively correct this situation. 


Integrated energy planning first appeared in the United 
States in the early 1980's, after the world energy crisis. 
After continuous refinement, it has become an energy 
management technique that is strongly recommended by 
many international organizations and is recognized as an 
effective method of energy conservation, environmental 
improvement, and economic development. In 1990, the 
U.S. Department of Energy issued its “National Energy 
Strategy,” which specified that the electric power depart- 
ments should “expand the scope of integrated energy 
planning and promote the implementation of such plan- 
ning via the federal Electric Power Regulation Office.” 
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This approach differs from the customary “nergy man- 
agement techniques by treating resources of all kinds on 
both the supply and demand sides as a unity and 
subjecting them to unified planning. 


Integrated resource planning is practiced chiefly by public 
utility companies and is most mature in the electric power 
industry. For convenience in the discussion below, we will 
refer to this aspect as “integrated electric power resource 
planning.” Integrated electric power resource planning is a 
technique in which electric power conservation resources 
(including conservation of electricity and of load) are 
treated together with exploitable electric power resources 
(new construction of generating capacities) and plans for 
the two are made simultaneously in order to arrive at the 
most effective use of resources. In layman’s language, 
when the departments in charge of electric power draw up 
their supply plans, they make a unified plan for the 
conventional expansion of the electric power supply (con- 
struction of new generating capacity) and for the exploita- 
tion of the energy conservation supply (treating 
conservable electricity as a supply that can be increased); 
when deciding on their investment policy, they make an 
integrated comparison of the cost of delivering electricity 
and the cost of conserving electricity and optimize for a 
program that minimizes cost. Thus, in the United States, 
integrated electric power resource planning is also called 
“minimum-cost planning.” Public utility companies in at 
least 31 states of the U.S. are practicing electric power 
demand management alongside supply management and 
are giving priority in electric power investment to the areas 
in which the cost of energy conservation is much lower 
than the cost of generating electricity. 


In order to encourage the development of conservation 
resources, state governments in the U.S. have passed 
laws that uncouple the increase in public utilities’ profits 
from the increase in the supply of electric power, linking 
it instead to [controlling] the rate of growth of electric 
power demand. In other words, when the public utilities 
make use of conservation resources, they can increase 
their profits just as they would by increasing power 
generating capacity, and they may actually realize greater 
profits in this way. China could do the same thing by 
establishing the appropriate policies, laws and regula- 
tions. Thus, the respects in which integrated electric 
power resource management differs from the individual 
enterprise energy conservation measures and the leasing 
of energy-conserving electric power equipment that are 
usually discussed are primarily the following. 


1. Integrated energy resource planning is carried out at a 
higher level (or within a broader framework): the 
electric power departments or regional planning 
departments make a combined policy analysis of 
electric power construction (such as new electricity 
generation and delivery capabilities) and electricity 
conservation (such as electricity conservation 
projects) in terms of minimum cost, with the objec- 
tive of satisfying the electric power demand of the 
users at the lowest cost and making the most effective 
use of both supply-side and demand-side resources. 
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2. Energy conservation items in integrated electric power 
resource planning (in the present context, demand 
management programs) do not involve the individual 
activities of enterprises, but instead involve carefully 
organized collective social activity. As a consequence, 
the economic analysis of a program deals with costs and 
benefits not only in terms of the enterprise (as a user 
participating in the energy conservation project), but 
also in terms of the society as a whole, of the electric 
power departments, of the equipment manufacturers 
and suppliers, and of nonparticipants in the project 
(users not yet involved in the energy conservation 
project). In carrying out the program, the objective is to 
rationally interrelate the costs and expenses of all of the 
above parties and the benefits that they receive in order 
to provide incentives for the parties to participate in 
energy conservation activities. 


3. The range of applicability of integrated electric power 
resource planning is much broader than that of enter- 
prise energy conservation projects and the leasing of 
energy conserving equipment. For example, some 
programs that could not be carried out solely with 
enterprise funds are feasible under integrated 
resource planning: these programs are implemented 
primarily through policies, laws and regulations, 
together with financial and nonfinancial measures. 
This expands the potential for energy conservation. 


4. Cost-benefit analysis is not confined to the actual 
expenditures of the parties listed above, but also 
includes avoided costs (such as the cost of building 
new electric power facilities) and the integrated ben- 
efits that accrue to multiple parties (such as avoid- 
ance of losses resulting from power shutoffs, the 
realization of environmental benefits, and the like). 


The use of integrated resource planning in the U.S. made 
lowered the rate of increase in load by between 20 and 40 
percent; and the marginal cost of energy conservation is 
only 1/10 to ‘ that of building new electric power 
facilities. Canada, Brazil, Australia, India, Thailand, 
Korea, France, Poland, Mexico, Russia, Taiwan, and 
Hong Kong, among others, have adopted or are adopting 
the integrated resource planning method for power 
system planning, with excellent results. China, as a major 
developing country with an economy that urgently needs 
rapid expansion, but with small per-capita energy 
resources, severe shortages of domestic funding, and a 
pressing need for environmental improvement, should 
implement this progressive, economical energy manage- 
ment approach as soon as possible. 


III. Suggestions for the Implementation of Integrated 
Resource Planning in China: . 


We suggest that China begin by implementing integrated 
electric power resource planning. 


The successful use of integrated energy resource plan- 
ning in the economically developed countries and in 
certain developing countries shows that diligent efforts 
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must be made to assure effective planning, with joint 
efforts by the legislative bodies, local management 
departments, financial departments, and public utilities 
(in the present context, the electric power companies), 
electric power users, and equipment manufacturers; the 
economically developed countries have created a system 
of planning and implementation methods for this pur- 
pose that are worth studying and borrowing from. The 
question of how such planning methods should be used 
in China requires additional thorough research. On the 
one hand, this research should deal with how the electric 
power departments should formulate electric power 
resource planning under China’s particular conditions: 
in other words, it should consider how to evaluate the 
electric power load situation within the area covered, the 
likely characteristics of future growth in electric power 
and the principal conservation resources, as well as how 
to use a comparison of the marginal costs of these two 
aspects to create the lowest-cost program. On the other 
hand, this research should also focus on how to imple- 
ment projects under integrated electric power resource 
planning in China, i.e., on specific paths of implemen- 
tation of electric power resource planning. The Energy 
Research Institute of the State Planning Commission has 
made a study of Shenzhen in terms of the first of these 
two aspects, and domestic and foreign experts and offi- 
cials of the State Planning Commission and the State 
Economic and Trade Commission have given high 
praise to its results, but have also concluded that inves- 
tigation of the second aspect should be undertaken. To 
this end we suggest that: one or two key power- 
consuming enterprises in one or two economically well 
developed provinces or cities should be designated to set 
up representative experimental projects, involving both 
research and implementation, proceeding from small 
scale to larger scale and from simple to complex, and 
gradually accumulating experience in order to lay a solid, 
comprehensive foundation for integrated electric power 
resource planning. 


For the first stage of an experimental project, the 
following types of activities should be undertaken. 


A. Feasibility Studies by Energy-Economy Research 
Organizations: While we may make use of foreign 
experience, much investigation of China’s particular 
conditions is still needed, such as the following. 


1. Ways of evaluating existing electric power conserva- 
tion resources (including electricity conservation 
resources and decreases in installed generating 
capacity) and ways of creating an integrated electric 
power resource program. 


2. The organizational types best suited to China. 


3. The types of laws, policies, and contractual 
protection that are needed. 


4. How the various parties’ costs and benefits should 
be calculated under China’s conditions. 
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5. During implementation, how the various parties’ costs 
and benefits should be interrelated so that, while assuring 
the overall benefit of society, the electric power users, the 
local electric power companies and the equipment man- 
ufacturers and suppliers all receive reasonable benefits. 


6. Technological feasibility and technological risk of 
projects. 
7. Methods of standard project oversight. 
B. Policy Support and Legislative Support and Cooper- 
ation by the State General Management and Electric 
Power Management Departments 


1. Drafting of appropriate policies for trial imple- 
mentation and practicability analysis of policies. 


2. Interrelation of the activities and benefits of the 
various parties (i.e., the organizations connected 
with spot-experiment projects). 


3. Oversight of contract fulfillment. 


C. Use of Local Electric Power or Energy Planning Depart- 
ments as Cognizant Organizations for Integrated Electric 
Power Resource Planning 


1. Carry out a preliminary analysis of deliverable elec- 
tric power resources within the scope of the planning 
effort (including conservation resources and newly 
added power generating capabilities) and draft a 
preliminary integrated electric power resource plan. 


2. Carry out specific energy conservation project 
management. 


3. Draft further action plans. 
D. Financial Organizations 


1. Draft financial implementation methods (specify- 
ing types of investment, profit rates, tax receipts, 
and the bill payment methods for all parties). 


2. Financial transfer of accounts and clearing of 
accounts for the parties. 


E. Electric Power Users Participating in the Projects 


1. Assure that the organizations’ technology moderniza- 
tion projects for energy conservation are carried out. 


2. Provide forecasts of energy conservation costs and 
benefits. 


3. Provide for specific monitoring of results. 
F. Energy Conservation Equipment Manufacturers 


1. Deliver equipment in accordance with contract and 
on time and assure its performance and quality. 


2. Assist electric power users in the technological 
modernization process. 
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3. Provide effective before-sale and after-sale services 
for equipment. 
IV. Conclusions 


The Third Plenary Session of the 14th CPC Congress 
declared that China’s economy must achieve sustained, 
rapid, healthy growth. China’s economic development 
experience shows that to accelerate the development of 
the national economy, a major emphasis must be placed 
on the conservation of energy and materials, improve- 
ment of resource utilization rates, and conversion from 
the extensive type of management, which consumes large 
amounts of resources, to the intensive type, with conser- 
vation of resources, decreased consumption, and a 
quality and benefits orientation. 


The situation that we currently face is as follows: rapid 
development of the economy coexists with constraint by 
bottlenecks; rapid growth of the demand for energy and 
electric power coexists with low per-capita resources; 
shortages of energy and electric power coexist with 
universal wastage; increases in deliverable energy and 
electric power resources coexist with serious funding 
shortages; and increases in energy consumption coexist 
with an urgent need for environmental improvement. 
We believe that in building up the energy and electric 
power industries, integrated resource planning is an 
effective method and a necessary condition for allevi- 
ating the contradictions cited above and that the estab- 
lishment and improvement of a socialist market 
economy system creates an effective basis for imple- 
menting effective resource management. 


Integrated resource management is something entirely 
new in Chinese practice, and in addition it is a complex 
systems undertaking in which the (electric power) man- 
agement organizations, scientific research organizations, 
financial organizations, the energy conserving equip- 
ment manufacturers, and the enterprises carrying out 
technological modernization for energy conservation 
must cooperate closely, with the support and guidance of 
the state general planning and management depart- 
ments, and pool their efforts to implement and improve 
the technique. Spot experiments must be carried out first 
in order to accumulate experience before the technique 
is broadly applied. This applies both to nationwide and 
local implementation. 

We suggest beginning with experiments in localized 
geographic areas or industries, followed by gradual 
expansion to the national scale. In the preparation of this 
paper we received assistance from deputy director Zhou 
Dadi [0719 1129 0966] of the Energy Research Institute, 
State Planning Commission and CAS, and from research 
staff member Yang Zhirong [2799 1807 2837]. We take 
this opportunity to express our gratitude. Since our 
a eee eee of omissions 

errors. 
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[FBIS Translated Text] 
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Department, Ministry of Electric Power Industry: 
“Statistical Summary of the Electric Power Industry for 1993 (Continued)”’] 





Table 5. Capacity and Actual Energy Use of Electrical Equipment in Economy, 1993 








































































































Equipment Capacity (MW) Energy Use (TWh) 
1993 1992 increase (Se) 1993 1992 Increase (%) 
Total for the society 429827.6 398582.7 7.84 820.108 745.539 10.00 
I. SECTORS OF THE ECONOMY 383128.8 356871.1 7.51 747.178 682.185 9.53 
A. Agriculture and associated sectors 64299.5 63264.6 1.64 51.690 50.520 2.32 
Irrigation 29275.8 29814.3 -1.81 23.827 24.227 -1.25 
Agricultural sidelines 15267.1 16876.8 -9.54 13.272 13.015 1.97 
1. Agriculture 45518.6 45031.4 1.08 35.682 34.803 2.53 
2. Forestry 761.4 816.6 6.16 0.660 0.583 13.21 
3. Livestock raising 1006.1 978.4 2.83 1.174 1.125 4.% 
4. Fisheries 1040.8 1093.2 4.79 0.974 0.933 4.39 
5. Water conservancy 9938.1 9781.1 1.61 6.528 7.224 -9.63 
6. Other 6034.5 $563.9 8.46 6.672 5.852 14.01 
B. Industry 257915.3 240748.4 7.13 628.784 574.695 9.41 
Light industry 69316.4 65292.0 6.16 126.965 118.222 7.40 
Heavy industry 188598.9 175456.4 7.49 501.819 456.473 9.93 
Rural and town industry 28827.7 26344.5 9.43 51.385 44.411 15.73 
1. Extractive industries 34323.2 32692.6 4.99 86.484 82.00! 5.47 
a. Coal mining 13662.4 13253.5 3.09 34.662 33.901 2.24 
b. Petroleum and natural gas 6947.4 6727.0 3.28 19.522 18.007 8.41 
c. Ferrous metals 2582.5 2389.7 8.07 7.401 6.857 7.93 
d. Nonferrous metals 3398.8 3120.9 8.90 7.691 7.561 1.72 
e. Building materials and 2513.4 2368.4 6.12 4.387 3.822 14.78 
nonmetal ores 
f. Salt 478.5 461.7 3.64 1.002 0.982 2.04 
g- Other mining and beneficiation 190.9 117.9 61.92 0.206 0.185 11.35 
industries 
h. Wood and bamboo harvesting 463.1 478.9 -3.80 1.141 1.173 2.73 
and transport 
i. Water treatment and supply 4086.2 3774.6 8.26 10.472 9.513 10.08 
2. Manufacturing industries 223592.1 208055.8 7.47 $42.300 492.694 10.07 
a. Foods, beverages and tobacco 1$262.7 14566.8 4.78 21.105 20.140 4.79 
b. Textiles 12670.0 12223.7 3.65 29.604 27.887 6.16 
c. Paper and paper products 5640.6 $265.7 7.12 14.225 13.794 3.12 
d. Electricity, steam and hot water 27624.5 25824.1 6.92 125.122 111.631 12.09 
production and supply 
Electric power generating 13747.4 12884.8 6.69 60.854 54.710 123 
enterprises (in-house power use) 
Electric power delivery enterprises 11391.7 11172.4 1.9% 60.989 54.601 11.70 
(line losses) 
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Table 5. Capacity and Actual Energy Use of Electrical Equipment in Economy, 1993 (Continued) 
Equipment Capecity (MW) Energy Use (TWh) 
1993 | 1992 | Imerense (%) 1993 | 1992 | Increase (%) 
I. SECTORS OF THE ECONOMY (continued) 
2. Manufacturing industries (continued) 
e. Petroleum refining 2735.0 2794.6 -2.13 8.826 8.161 8.15 
f. Coke, coal gas, coal products 1751.0 1386.9 26.25 2.233 2.000 11.65 
Coal products 469.9 416.5 12.88 0.454 0.455 
g- Chemical engineering 28327.4 25921.6 9.11 82.868 81.621 1.48 
in light industry 2104.0 2050.4 2.61 4.816 4.421 8.93 
h. Pharmaceuticals 2456.6 2251.5 9.11 5.700 5.495 3.73 
i. Synthetic fibers 2419.6 2314.7 4.53 8.158 7.421 9.93 
j. Rubber and plastics 6682.1 6108.8 9.38 11.038 10.121 9.06 
in light industry 2743.0 2734.0 0.33 4.992 4.570 9.23 
k. Building materials, nonmetal ores 22625.1 19927.1 13.54 46.586 41.248 12.94 
in light industry 2025.7 1686.0 20.15 3.662 3.176 15.30 
|. Ferrous metal refining and 24002.4 22179.1 8.22 74.171 63.234 17.30 
processing 
m. Nonferrous metal refining and 10055.9 9401.2 6.96 33.708 29.817 13.05 
processing 
m. Metal products 10487.2 10058.9 4.26 13.171 11.259 16.98 
in light industry 3354.1 3135.6 6.97 3.962 3.451 14.81 
0. Mechanical engineering 19372.1 18711.7 3.53 24.837 22.811 8.88 
in light industry 2544.0 2542.4 3.411 2.909 17.26 
p. Transport, electrical engineering, 12268.7 11800.5 3.97 16.682 14.319 16.50 
electronic equipment 
in light industry 2569.0 2368.0 8.49 3.806 3.197 19.50 
q. Other 19211.3 17278.9 11.18 24.266 21.427 13.25 
in light industry 10492.5 9500.6 10.44 11.598 10.738 8.01 
C. Geological surveying and exploration 463.7 432.7 7.16 0.662 0.600 10.33 
D. Construction industry 8162.1 6644.8 22.83 8.159 6.308 29.34 
E. Transportation, posts and 13879.4 12114.9 14.56 15.127 13.295 13.78 
telecommunications 
1. Transportation 12479.1 10901.2 14.47 13.154 11.710 12.33 
Pipeline transport 742.0 704.0 5.40 1.789 1.785 0.22 
Electric railways 7148.5 6657.8 7.73 6.361 5.517 15.30 
b. Posts and telecommunications 1400.3 1213.7 15.37 1.973 1.585 24.48 
F. Commercial foodstuffs supply, sales 11225.7 9239.5 21.5 13.347 10.966 21.71 
and storage 
G. Other industries 27183.1 23926.2 13.61 29.409 25.801 13.98 
1. Housing management, public 7315.0 6427.6 13.81 8.278 6.988 18.46 
services, consulting 
Urban public transportation $85.1 $77.9 1.25 0.776 0.700 10.86 
Streetlights 873.6 788.8 10.75 1.047 0.987 6.08 
2. Public health, sports, and social 2934.1 2708.6 8.33 3.3% 2.986 11.72 
benefits 
3. Education, culture, radio and 4941.7 4718.2 4.74 5.488 4.942 11.05 
Levisi 
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Table 5. Capacity and Actual Energy Use of Electrical Equipment in Economy, 1993 (Continued) 






































Equipment Capacity (MIW) Energy Use (TWh) 
1993 | «= 1992s | mcrense (%) 1993 | = 1982 | _mcrease (%) 

I. SECTORS OF THE ECONOMY (continued) 

G. Other industries (continued) 

4. Scientific research and integrated 2935.2 2507.9 17.04 2.400 2.147 11.78 

technical services 

5. Government and party 4555.2 4043.2 12.66 5.100 4.605 10.75 

6. Other organizations 4501.9 3520.7 27.87 4.807 4.134 16.28 
Il. URBAN AND RURAL DOMESTIC |  46697.6 4211.7 10.63 72.929 63.276 15.26 
POWER CONSUMPTION 

A. Rural domestic power consumption | 7948.5 16540.9 8.51 31.263 27.410 14.06 

B. Urban domestic power consumption | 28749. 25670.8 11.99 41.666 35.866 16.17 























Prospects for Mid-Crust Natural Gas Surveyed 


956B0026B Beijing KEJI RIBAO [SCIENCE AND 
TECHNOLOGY DAILY] in Chinese 21 Oct 94 p 1 


{Article by Du Letian [2629 2867 1131], Investigator, 
Beijing Geological Institute of the Nuclear Industry: 
““Mid-Crust Natural Gas, an Immense New Energy 
Source” 


[FBIS Translated Text] To date, all fossil energy sources 
developed by man, including petroleum, coal, natural 
gas, and oil shale, have been extracted from the upper 
zone of the crust, for the most part in the shallow top 6- 
or 7-km interval. The great majority of such fossil fuels 
have originated in and occurred in sedimentary basins. 
This has given rise to the idea that in searching for such 
minerals, you begin with basins. But basins with oil and 
gas prospects, and especially those with large reserves, 
represent only a very small fraction of all basins, and oil 
and gas pools are confined to particular strata and 
intervals. Therefore, the amount of oil and gas in the 
upper crust is extremely limited. Furthermore, as a result 
of more than a century of large-scale extraction, the 
backlog of reserves is steadily shrinking and future 
prospects are not favorable. While this is not entirely 
true of China, which has posted great achievements in oil 
and gas prospecting and still has many favorable areas in 
reserve, society’s requirements are steadily increasing: 
the fact that China began to import petroleum on a large 
scale last year is a signal. Energy problems have always 
been a constraint on China’s economic development, 
and circumstances compel us to make haste in finding a 
way to resolve them. Mid-crust natural gas is a promising 
To eliminate the constraints on China, four major 
changes in thinking are essential. 


1. In future exploration for oil and gas, especially the 
latter, we should not confine ourselves to basins, but 


should broaden the scope of the search. 


2. We should not confine ourselves to exploring the 
sedimentary strata; we should also explore metamor- 
phic rocks, igneous rocks, crystalline sequences, and 
ancient basement. 


3. We should prospect at depths of more than 6 or 7 km. 


4. We should not always assume that natural gas is 
associated with petroleum or coal. Both hydrocarbon 
and nonhydrocarbon gases occur in very large 
amounts over a very great depth interval, usually with 
no relationship to petroleum or coal; most gas 
resources originate in the deep low-seismic-velocity 
zone or in the asthenosphere. 


My analysis of regional geological and geophysical data 
from China, of Middle Cenozoic basalt events, and of oil 
and gas prospecting results, seismic data and a variety of 
other information, combined with the results of my own 
scientific investigations, has convinced me that huge mid- 
crustal natural gas pockets occur at great depths in a belt 
stretching from Penglai to the Miaodao archipelago to 
Dalian (for brevity called the “Peng-Miao Megaregion”). 
The principal reasons for this conviction are as follows. 


1. It is clear from recent deep geophysical data obtained 
both in this country and abroad that the Peng-Miao 
Megaregion forms the western margin of the huge 
NE-oriented Sea of Okhotsk-Sea—Japan Sea-Yellow 
Sea-East China Sea mantle-asthenosphere ridge. 


2. My Raman spectroscopic analyses of gas- and liquid- 
containing in mantle inclusions from Cenozoic alkalic- 
basalt eruptive zones such as the Keluo and Ludao 
areas of Heilongjiang, the Jiaohe, Huinan, Wangqing 
and Yitong areas of Jilin, the Kuandian area of Liaon- 
ing, the Tianzhen area of Shanxi, the Zhangjiakou area 
of Hebei, the Qixia area of Shandong, the Liuhe area of 
Jiangsu, and the Nushan area of Anhui, have always 
identified large amounts of saturated and unsaturated 
gaseous hydrocarbons, including methane, ethane, pro- 
pane acetylene, ethylene, and propylene, as well as 
carbon monoxide, carbon dioxide, and significant 
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amounts of hydrogen. Soviet investigators found abun- 
dant gas-containing voids in mantle inclusions from 
basalts of the same age from the Stanovoy region in the 
Far East. These occurrences of gas at great depths, as 
well as evidence of such phenomena as partial melting 
of the mantle, plastic deformation of the mantle, and 
ductile shear in the above regions, are consistent with 
the above geophysical data. 


3. The Peng-Miao Megaregion is located above a broad 
recent structural fault subsidence zone running from 
NW from Jiangjiakou to Beijing to Yantai. As the 
structures become more recent, the gas pools become 
younger and their contents increase in abundance. 
The dynamic reserves of gas are incomparably greater 
than the static reserves. 4. Seismostratigraphic anal- 
ysis shows the presence of a huge low-velocity column 
in this region, measuring 300 km from east to west 
and 250 from north to south. In this region the crust 
is very thin, with a high heat flow and numerous 
earthquakes, and there is a pronounced mantle and 
asthenospheric bulge. My data indicate that the 
amount of gas at depths exceeding 4,000 m in Prot- 
erozoic rocks (Penglai group, Fenzishan group) and 
Archaean rocks (Jiaodong group) is at least 30 trillion 
cubic meters, equivalent to 30 billion tons of oil. 
Many strata and substrata in this interval contain 
graphite derived from a carbonaceous-siliceous shale 
sequence in which strongly reducing conditions 
occurred. Marble, which readily undergoes solution, 
and quartzite, which fractures readily, form 
numerous strata there; and northeast- and northwest- 
oriented crack systems intersect, producing excellent 
migration, storage, and caprock conditions. I recom- 
mend that such preliminary work as additional geo- 
logic, remote sensing, geophysical studies, and 
exploratory shallow drilling be undertaken rapidly in 
this area and that the results be used to select sites on 
which to drill two deep exploratory wells about 6,000 
m deep: there is a possibility that major results could 
be obtained before the end of the century. 


In addition to the promising belt described above, other 
interesting areas include the Tangshan region, the Bei- 
jing-Tainjin-Deshi region, the Liaoxi and Fenwei gra- 
bens, the Ordos basement zone, and the Three Rivers 
region in the southwest, in which low-velocity zones are 
abundant in the middle and lower crust and upper- 
mantle and asthenospheric projections occur, offering 
the possibility of discovering natural gas in the middle 
crust. The deep zone beneath the Yellow Sea and South 
China Sea is also highly deserving of attention (this does 
not refer to the existing offshore oil and gas fields). 


Many new discoveries around the world make it clear 
that the idea that natural gas occurs in the middle crust 
is not merely a theoretical construct: there have already 
been breakthroughs. 


Bedrock oil pools (including the Renqiu, Yumenyaer 
Gorge and other fields) used to be regarded as locations 
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into which oil has been injected from young petroleum- 
generating sedimentary strata, but now a different view 
of them may be taken. 


China now is fully capable of drilling wells 6 or 7 km 
deep in crystalline rock. If a single such well produced 
gas, it would earn sufficient funds to allow rolling 
development. If there were 30 successiul wells in the 
Peng-Miao Megaregion, each with an annual output of 
500,000 cubic meters of gas, then at a price of 0.8 yuan 
per cubic meter the annual earnings would be more than 
4 billion yuan. This new energy supply would greatly 
limit cost increases resulting from inadequate construc- 
tion. In addition, natural gas is an important chemical 
engineering feedstock and the value added by its deep 
processing is very great. Many new petrochemical would 
spring up in the areas described. 


Moreover, the drilling of deep gas wells could be impor- 
tant in delaying the occurrence of earthquakes or 
decreasing their intensity. The heartland around the 
Bohai Sea includes Beijing, Tianjin, Shandong and Lia- 
oning: thus there is good reason that experiments in 
drilling deep wells to release gas and decrease earth- 
quakes should be considered soon. This would be killing 
two birds with one stone. 


If the gas wells produced an economic effect, China 
would have the financial resources to develop the tech- 
nology and equipment for drilling even deeper wells. Our 
objective is to drill to depths of between 10 and 35 km. 
In this type of drilling, the traditional method of 
machine cutting of drill bits would not be appropriate. 
We are considering the development of a rock-fusion 
method. With increasing depth, the temperature rises, so 
that conditions would become increasingly favorable for 
this type of drilling. If it were possible to drill directly 
into super-high-pressure compressed gas pools in the 
asthenosphere, the long-range energy prospects would be 
unimaginably great. To mention only one possibility, the 
super-high pressure of the gas and its ability to dissolve 
viscous oil would give it tremendous value and would 
greatly increase petroleum recovery rates on the Daqing, 
Liaohe, Dagang, Huabei and Shengli oilfields, lengthen 
their operating life, and increase their output. 


If the ideas expressed above became reality, we could 
consider designing mechanized hydrogen-oxygen or 
acetylene-fueled high-temperature sintering apparatus to 
sinter a thin film over large areas of loess landscape 
subject to serious erosion, thereby preventing further 
erosion. This would be a new method of decreasing soil 
erosion. A decrease in soil erosion in loess areas would 
reduce the turbidity of the Yellow River so that the water 
eventually became almost clear, and in addition it would 
gradually decrease the rise in the bed level of the middle 
and lower reaches of the Yellow River, with the atten- 
dant major threat of breakage of embankments and 
changes in its course. If the sintering equipment were 
used in sand areas, it would be possible to arrest the 
increase in desertification and eventually to convert the 
desert into fields and forest. 
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“Everything is in readiness, but waiting for the spring 
wind.” The time has come to move ahead quickly with 
deep drilling and to develop deeply buried gas so as to 
remake the landscape. The most difficult part is starting. 


(Possibility + lack of understanding + incapacity = 0.) 


China To Continue Importation of Large-Capacity 
Generators 


956B0026C Beijing RENMIN RIBAO OVERSEAS 
EDITION in Chinese 25 Oct 94 p 2 


[Article by reporter Qin Jingwu [4440 0079 0582): “China 
To Import Large-Capacity Generating Equipment”) 


[FBIS Translated Text] In order to accelerate the devel- 
opment of its energy industry, China will continue to 
import large-capacity, high-efficiency, low- 
fuel-consumption fossil-fired generating units and com- 
bined heat and power generating units that meet high 
environmental standards. It also plans to import high- 
pressure-head, high-performance hydroelectric gener- 
ating units and some nuclear generating equipment. 
These plans were announced by Minister of the Power 
Industry Shi Dazhen at the opening of the Fifth Interna- 
tional Electric Energy and Power Delivery Technology 
and Equipment Exhibition. 


Shi Dazhen stated that in the last few years, China has 
added more than 12 million kW of generating capacity a 
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year. By the end of 1993, total installed capacity was 183 
million kW and the annual output was 836.4 billion 
kWh. China has had acute electric power shortages for 
many years and must continue developing its industry 
rapidly. The objectives for the year 2000 announced by 
the Ministry of Power Industry call for increasing total 
generating capacity to about 300 million kW while 
expanding the use of foreign capital, importing advanced 
foreign equipment, technology and management tech- 
niques, and carrying out locally practicable, complemen- 
tary, appropriate development of nuclear power. China 
will also engage in cooperation with foreign organiza- 
tions in such areas as automatic control of large power 
grids and high-voltage facilities, remote-controlled 
power grid communications, protective relaying and 
automated safety equipment, superhigh-voltage and 
long-distance power transmission technology, DC power 
transmission, computerized automatic control, and 
environmental protection in the power industry. 


More than 200 corporations and firms from 20 countries 
and areas, including Germany, France, Italy, the United 
States, Australia, and Hong Kong, participated in the 
exhibition, including such well known groups as French 
Electric, French Martin, General Electric Alsthon, U.S. 
General Electric, Xiwu, and the like. The participation 
of many foreign governmental departments and trade 
Organizations is an indication that foreign firms regard 
China as a market with great potential. 
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East China Grid Development Plan Laid Out 


956B0041A Beijing RENMIN RIBAO OVERSEAS 
EDITION in Chinese 30 Nov 94 p I 


[FBIS Translated Text] (WENHUI BAO)—The East 
China grid development plan for the end of this century 
and the beginning of the next is in its preliminary form: 
by 2000, the installed capacity of the entire grid will 
reach about 55,000MW; after 2020 it will reach 
160,000MW to 180,000MW, or about equal to the total 
national installed capacity today. 


The demand for power in the area covered by the East 
China grid has been growing at a rate of over 10 percent 
per year. It is estimated that by 2000 power consumption 
in the area will be up to 275 billion kWh, and by 2020 it 
will reach 800 to 900 billion kWh, which will increase the 
pressure for construction of power resources and power 
lines in the area. Because there is a shortage of primary 
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power resources in eastern China, coal will still be the 
mainstay for power generation there, and there will be 
new construction or expansion of pit-mouth power 
plants and plants at harbors and crossroads. The Tian- 
huangping and Xianghongdian pumped-storage power 
plants, and the Zhabei and Zhenhai gas turbines will be 
completed in the “Ninth 5-Year Plan”, and at the same 
time other pumped-storage plants and gas turbine 
projects will be started up. Nuclear power development 
is being stepped up on the East China grid, and besides 
the 2nd- and 3rd-stage projects at the Qinshan Nuclear 
Power Plant, there are plans to get started on the 
Sanmenwan and Lianyungang Nuclear Power Plants in 
the “Ninth 5-Year Plan” as well. 


The draft of the 1995 construction plan for the East 
China grid is said to be completed and it will put | 1 units 
into operation with a total capacity of 2,026MW. 
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Foreign Investment Helps Develop Hydropower in 
Changjiang Basin 


946B0165B Beijing RENMIN RIBAO OVERSEAS 
EDITION in Chinese 26 Jul 94 p 1 


[Article by reporter Xia Shuge [1115 1859 7041): 
“Changjiang Basin Vigorously Utilizing Foreign Capital 
To Develop Hydropower”} 


[FBIS Translated Text) The Changjiang basin is vigor- 
ously using foreign capital to develop hydropower in 
order to put an end to electricity shortages. 


Officials of the electric power departments in the area 
told us that in recent years, Anhui, Jiangsu and Zhejiang 
provinces and Shanghai city, all on the middle and lower 
reaches of Changjiang, have made progress in using 
foreign capital to develop the power industry. They have 
signed 18 agreements or letters of intent with busi- 
nessmen in the United States, the United Kingdom, 
Germany, Singapore, and Hong Kong for joint-capital 
power industry development, which will result in a total 
installed capacity of 16.30 million kilowatts. These juris- 
dictions are currently using more than $1 billion of 
foreign capital to build 4.1 million kW of generating 
capacity. In addition, they have built a 500-kV super- 
high-voltage transmission line that runs a distance of 600 
km from Xuzhou to Shanghai. Meanwhile, Sichuan and 
Hubei, in the middle and upper Changjiang valley, are 
vigorously following suit, accelerating their use of for- 
eign capital for power industry construction. Power 
plants and power stations are holding discussions with 
foreign businessmen, who express enthusiasm over the 
prospects. 


The large river-basin economy that is coming into being 
along the Changjiang, China’s longest river, has a deci- 
sive position in the national economy. But electric power 
development in the region was long unable to meet the 
needs of economic development and the people’s condi- 
tion of life. As a result, while increasing the investment 
of domestic funds throughout the region, the new 
approach of using foreign capital to develop the power 
industry was also adopted. 


Officials from the electric power departments describe 
two main features of the use of foreign capital for electric 
power development in the Changjiang basin. The first is 
that large-capacity equipment, consisting of 300- to 
600-MW sets, is being installed. For example, two 
600MW generator sets have been installed at the Yang- 
zhou No. 2 power plant. The second is that the equip- 
ment is technologically advanced: for example, the two 
600MW generator sets installed at the Shidongkou No. 2 
power plant in Shanghai are advanced supercritical units 
with low coal consumption and high efficiency. 


Authoritative departmental sources have announced 
that in the next five years, China’s electric power 
industry will grow by eight to nine percent annually; but 
the pace may be even more rapid in the economically 
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developed Changjiang basin, and the use of foreign 
capital for power industry development is likely to 
accelerate. 


In Jiangsu, Zhejiang, Shanghai, and Anhui foreign cap- 
ital is now funding 22.8 million kW of power industry 
construction, equivalent to 70 percent of these areas’ 
current capacity. In Sichuan, the use of foreign capital 
for the power industry began only recently, but in the 
next seven years the province plans to add an additional 
10 million kW of generator sets, which will require an 
investment of 73 billion yuan. Since last year, more than 
100 outside financial groups or corporations have visited 
Sichuan to discuss investment in electric power. 


Xinjiang’s Largest Hydropower Plant Passes 
Assessment 


956B0038A Urumqi XINJIANG RIBAO in Chinese 
9 Nov 94 p 1 


[Article by Wang Xuelin [3769 1331 2651], correspon- 
dent: “‘Largest Hydropower Plant in the Region, Das- 
hankou Hydropower Plant Passes Assessment’’} 


[FBIS Translated Text] Kuerle News, correspondent 
Wan Xuelin reports: The largest hydropower plant of 
this Autonomous Region, the Dashankou Hydropower 
Plant, formally passed assessment by the region’s 
authority on 3 November 1994. The completion of the 
plant plays decisive roles on the relief of power supply 
controversy in the Bayinggolin Mongol Autonomous 
Region; in supporting the large-scale oil exploration and 
development in the Tarim region; as well as in the 
economic prosperity of the :ninority nationality. 


The Dashankou Hydropower Plant, the Nation’s and the 
Autonomous Region’s key project in the “Seventh 5-Year 
Plan” and the “Eighth 5-Year Plan” located in Hejing 
County, is the first-stage hydropower project of the step- 
development plan in the Kaidu River Basin. The plant, 
which is the eighth step-hydropower station, has a gener- 
ating capacity of 80,000 kilowatts with an investment of 
206.61 million yuan. The annual power output is 310 
million kilowatt-hours. It is the region’s only plant 
controlled and monitored with microcomputers. 


The project was surveyed and designed by the region’s 
Institute of Water Conservancy, Hydropower Survey 
and Design. The plant was constructed by the 
Hydropower and Communications Armed Police Force, 
as well as the General Corporation of Water Conser- 
vancy and Hydropower Construction of the autonomous 
region. The first project to develop the hydropower 
resources of the Kaidu River was launched in June of 
1985. The first generator unit started operation on 28 
December 1991. The second generator unit started oper- 
ation on 9 April 1992. On 25 December 1992, the third 
and the fourth generator units commenced trial opera- 
tions. After three years of operation, having gone 
through the trials of three icing seasons, as well as 
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flooding and a 5.4 scale earthquake, the major 
engineering system operates well. The engineering design 
is rational, the deployment is compact, the construction 
quality is superior, and the electricity generating 
installations meet with the production demands. The 
construction amply adopted new skills and new technol- 
ogies. It writes a glorious page and becomes a 
new milestone in Xinjiang’s history of hydropower 
construction. 


As of 28 October 1994, in three years the Dashankou 
Hydropower Station had successively generated 754 
million kilowatt-hours of electricity, and produced an 
industrial value of 59.53 million yuan. The averaged 
equipment utilization time is a total of 9287.3 hours. At 
present, it is the main power plant of the electricity 
network in the Bayinggolin Mongol Autonomous 
Region, it takes care of over 50 percent of the load of that 
region, and achieves superior economic as well as social 
benefits. 


Construction of Geheyan Hydropower Station 
Completed 


956B0043A Beijing RENMIN RIBAO OVERSEAS 
EDITION in Chinese 28 Nov 94 p 1 


[Article by reporter Gong Dafa [7895 6671 4099}] 


[FBIS Translated Text] Wuhan, 26 Nov—The No. 4 unit 
of the Geheyan hydropower station on the Qingjiang in 
Hubei completed its 72-hour test run and went into 
formal operations on 26 November. Construction of this 
key national project with a total installed capacity of 
1,211 MW for a total investment of 360 million yuan was 
completed one year ahead of schedule. 


The capacity of the No. 4 unit of the Geheyan 
hydropower station is 300MW. Installation of the pri- 
mary components of the unit was begun on | June of this 
year, and installation of the unit was completed on 8 
November; the 72-hour test run was begun on 23 
November and completed on 26 November. The unit 
performed smoothly and generated 14 million kWh. The 
No. 3 unit went into operation on 4 June, and the two 
units combined put 600MW into operation for this 
year’s national plan, making up fully one-fifth of the 
300MW hydropower units newly installed in the whole 
country this year. 


The Geheyan hydropower station, located in Changyang 
County a few dozen kilometers west of the massive 
Three Gorges project, is the first large-scale water- 
conservancy hub project in the Qingjiang mainstream 
cascade development system. Work was begun on the 
penstock in January 1987, and the foundation for the 
main dam was excavated the following January. The first 
unit was turned on in June 1993, and the station has 
been operating now for 336 days for a cumulative output 
of 2.6 billion kWh, creating an immediate economic 
benefit of over 900 million yuan, and increasing the 
gross value of industrial and agricultural output for the 
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whole country to 14 billion yuan. Completing the project 
one year in advance saved 300 million yuan in interest to 
the bank. The project has improved the navigation 
channel of the Qingjiang for 90 kilometers, and is a great 
assist to flood prevention on the Changjiang. The 
hydropower station greatly improves the peak power 
capability of the central China power grid, improves the 
quality of grid operations, and goes a long way to ease the 
power crunch throughout central China as well as Hubei. 


Plans To Develop Qinghai and Sichuan’s 
Hydropower Laid Out 


956B0043B Beijing RENMIN RIBAO OVERSEAS 
EDITION in Chinese 5 Dec 94 p I 


[Articles by reporters Cui Junqiang and Yang Quanxin] 


[FBIS Translated Text] Xining, 4 Dec (XINHUA)—From 
all appearances it is clear that from now until the next 
century the upper reaches of the Yellow River in Qinghai 
Province will grow to become China’s important “‘golden 
corridor of hydropower.” 


The 360-kilometer segment of the Yellow River between 
Longyangxia and Sigouxia drops 865 meters, creating a 
bonanza for hydropower development. This is one of 
China’s 10 key hydropower bases, and according to the 
overall national plan, 13 medium- and large-scale 
hydropower stations could be built there for a total 
installed capacity of 11,250MW and an average annual 
output of up to 36 billion kWh. 


The Longyangxia hydropower station at the “fountain 
head” of the gorges, which was completed and started 
generating power in 1989, produces 600 million kWh per 
year and has already become the mainstay of the north- 
east power network. A total of 500 million yuan has been 
invested in the Lijiaxia hydropower station, a key 
national project which will have an installed capacity of 
2,000MW. The main dam of this station, the largest and 
most up-to-date hydropower project on the Yellow 
River, is now over 70 meters high and nearing one-half 
of its designed height. Among the other 11 hydropower 
stations planned, the Laxiwa, Nina, and Gongboxia 
hydropower stations have had their preliminary design 
plans approved. The installed capacity of the Laxiwa 
etation will be 3,700MW and it will produce nearly 10 
billion kWh per year. 


Chengdu, 2 Dec (XINHUA)-- The development of the 
Chishuihe watershed, a large-scale relief project, will 
soon be getting underway full scale inside Sichuan Prov- 
ince, and experts have recently underwritten the ‘“Stra- 
tegic Development and Research Program of the 
Sichuan Province, Luzhou Municipality Chishuihe 
Watershed Economic Society.” 


The Chishuihe drainage basin is part of the national 
Panxi-Liupan comprehensive water-resources develop- 
ment zone, and it is an important component of the 
national Changjiang middle and upper reaches land and 
water protection area. The area is rich in land resources 
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and especiall: rich in hydro-energy reserves, upwards of 
500MW. It also has great quantities of various kinds of 
mining resources such as coal and sulfur, and it has a 
wealth of impressive attractions for tourism. 


The plan calls for Sichuan to get the water and land of 
the Chishuihe drainage basin under control first and to 
get agriculture under comprehensive development. At 
the same time a line of well-established coal, sulfur, iron, 
and natural gas bases will be built. Hydropower will 
reach an installed capacity of 1 SOMW by the end of this 
century, five times the present level. In addition, the 
many grottoes, virgin forests, lakes, rivers and falls in the 
area will be developed to create a valuable store of scenic 
wonders. 


Prospects of Small Hydropower Stations 
956B0056A Beijing RENMIN RIBAO OVERSEAS 
EDITION in Chinese 13 Dec 94 p 2 


[Article by reporter Cao Yinkang [2580 6892 1660]] 


{[FBIS Translated Text] Out of the total of hydropower 
resources in China small hydropower resources amount 
to 140,000MW, which speaks well for the future of small 
hydropower resources. There are up to 48,294 small 
hydropower stations in use in rural villages now 
amounting to an installed capacity of 15,0S55MW, about 
92 times the total volume of hydropower facilities in the 
whole country in the early period of reconstruction. 


The construction of small hydropower stations led grad- 
ually to the formation of more than 40 local inter-county 
small hydropower grids, and that accelerated the 
progress of rural electrification. Among the counties 
where rural electrification was being tested, 309 started 
out using, primarily, small hydropower resources for 
rural electrification, and 215 of those have reached the 
preliminary stage of rural electrification. 


One of the reasons for the rapid development of small 
hydropower stations in China is that they are inexpen- 
sive to make. The manufacturing cost for every kilowatt 
of installed capacity is about 2,500 to 4,500 yuan, which 
is a lot cheaper than the going international cost of $U.S. 
1,000 to 8,000 per kilowatt of installed capacity. 


The national government and relevant departments give 
their support to small hydropower stations for rural 
villages, believing that local manufacturing should be 
determined locally. The policy of “use electricity to grow 
electricity’ and ‘‘self-made, self-run, self-used” has 
helped propel the rapid development of small 
hydropower stations. 


There are 120 million rural households in China, and 
more than 400 million farmers who use electricity. Using 
electricity for heating water and cooking frees the women 
from smoke and flames and gives them extra time to 
engage in production, economic, and management activ- 
ities, and with less wood being cut in the mountains the 
ecological environment will gradually improve. 
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The pleasures of a cultural life will unfold for the 
villagers in the wake of electrification; television, sound 
recordings, and Carioca will become part of the daily life 
of the people, and a kaleidoscope of cultural activities 
will generate a cultural vigor among the rural villages. 


The first 109 counties in China that were testing grounds 
for the development and utilization of small hydropower 
stations reached an overall installed capacity of 
24,460MW within five years. The growth in installed 
capacity and generated power has doubled and redou- 
bled the industrial and agricultural gross output value, 
financial benefits, and individual farmer's income of 
these testing-ground counties. 


Tong Jiandong, an expert on small hydropower stations, 
believes that because of the enormous assistance that 
small hydropower stations have given to the effort to 
help the poor farmers solve their power resource and 
environmental problems, and the demonstrated benefits 
that this product has shown for the society, the economy 
and the environment, has made them the light of the 
future for rural villages in many more areas of China. 


The ever-advancing technology and wealth of experience 
that China has gained in the construction of small 
hydropower stations has caused a good deal of interest 
among various world nations. In the last decade or more, 
UN organizations have held several international con- 
ferences on small hydropower stations at Hangzhou, and 
many international organizations and experts have come 
to China to investigate China’s expertise in the construc- 
tion of small hydropower stations. The Hangzhou 
“Rural Electrification Research Institute of the Ministry 
of Water Resources” and ‘‘The Asian Pacific 
Hydropower Research and Training Center’ provide 
training, consultation, and design services abroad, and 
have established close technical cooperation with several 
countries with excellent results. 


Annual Output of Electricity Increasing Steadily 


956B0056B Beijing RENMIN RIBAO OVERSEAS 
EDITION in Chinese 26 Dec 94 p 1 


[Article by reporter Qin Jingwu [4440 0079 0582])} 


[FBIS Tanslated Text] It is estimated that total output of 
electricity for 1994 will be 905 billion kWh, a 10.93 
percent increase over 1993. There were 10,220MW of 
new large- and medium-sized power generators installed 
throughout the country. 


National hydropower output in 1994 will reach 168.5 
billion kWh, a 15.4 percent increase over 1993; thermal 
power may reach 723 billion kWh, a 7.9 percent increase 
= 1993; and nuclear power will reach 13.5 billion 


Of all new units that have gone into operation, 
hydropower makes up 3,179.5MW, thermal power 
accounts for 7,045MW, and nuclear power was 
2,100MW. This year there was also an increase of 19MW 
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in wind-power generators. The reliability of the power 
supply also increased; in the first ten months of 1944, the 
frequency quality was up to standard at a rate of 99.2 
percent on main power networks. 


There was also progress in the use of foreign funds for 
electric power construction. Shandong Huaneng Corpo- 
ration and International Huaneng Corporation stocks 
were listed on the New York Stock Exchange and earned 
U.S. $900 million in investments, and this marks the 
first time that Chinese Power Enterprises have boldly 
entered two international capital markets. 


When the Ministry of Power Industry took action this year 
to set down a policy to encourage direct foreign commer- 
cial investments, joint ventures, and cooperative formula- 
tions for electric power, Sino-foreign joint ventures for 
electric power in various places increased rapidly, ten or 
more contracts were signed, U.S. $5.767 billion became 
available for use, and 6,475MW of installed capacity is 
now in operation or under construction. 


Wugiangxi No. 1 Unit Begins Generating Electricity 


956B0056C Beijing RENMIN RIBAO OVERSEAS 
EDITION in Chinese 26 Dec 94 p 1 


[Article by Jin Yuanhua [6855 3633 5478] and Zhou 
Liyun [0719 4539 5089}] 


{[FBIS Tanslated Text] Yuanling, 25 December—The 
first 240MW unit for the largest hydropower hub project 
in Hunan, the Wuqiangxi Hydropower Station, formally 
entered the grid for operations on 25 December 1994. 


The Hunan Provincial Committee and government held 
a celebration ceremony that was attended by State 
Council Vice Premier Zou Jiahua. 


Wugiangxi Hydropower Station, located on the lower 
reaches of the Yuanjiang in Yuanling County, Hunan, is 
the largest such project ever undertaken in Hunan. The 
total investment for the project is approximately 8 
billion yuan provided through national and provincial 
common investments, and a Japanese “Foreign Eco- 
nomic Assistance Foundation” low-interest loan of 
25.09 billion yen. This comprehensive electric power, 
navigation, and flood prevention project will have a total 
installed capacity of 1,200MW, an annual output of 5.37 
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billion kWh—about one-fifth of all of the electric power 
produced by the whole province at present—and its 
direct earnings will be over | billion yuan with social 
benefits amounting to 20 billion yuan. 


The survey and design work for the Wugqiangxi 
Hydropower Station began in the 1950s. Since the 
project received national approval to resume construc- 
tion in 1986, major reform measures were implemented 
in construction, engineering and management, namely to 
change from a management system where management 
and construction are independent of each other to an 
ownership responsibility system more in line with inter- 
national practices; and a system for issuing stocks and 
bidding for shares, and an overall project supervisory 
system were installed. It is expected that by 1996, the 
remaining four generating units will be in operation. 


Xinjiang’s Manas No. 6 Unit Begins Generating 
Electricity 


956B0056D Urumqi XINJIANG RIBAO in Chinese 
22 Dec 94 pl 


[Article by reporter Huang Jianjiang [7806 1696 3068]] 


[FBIS Translated Text] Following a 96-hour test run, the 
No.6 unit of the Manas Power Plant formally joined the 
grid signifying completion of the 2nd-stage project of the 
200MW Manas Power Plant, a key engineering project of 
the Autonomous Region in the “Eighth 5-Year Plan’’. 


Investment for the Manas 2nd-stage project was 630 
million yuan. Construction began in September 1992, 
and throughout the period of construction, over two 
years, the engineering directorate, working in close con- 
cert with the construction units, used every means pos- 
sible to guarantee that the funds and materials would be 
in place on schedule. The civil engineering was done by 
the No. 3 construction unit of the Autonomous Region 
and the first division of the Production and Construc- 
tion Corps, and the installation work was done by 
Autonomous Region Electric Power Installation Com- 
pany. They worked in close harmony, turned in quality 
performance, and finished the job one-half year ahead of 
schedule. It was the second plant in the country to put 
two 100MW units into operation within a single year. It 
will be a great stimulant to economic development and it 
will palliate the power pinch. 
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> Company Svante % 2400MW Hainan Power 
t 


946B0165C Beijing RENMIN RIBAO OVERSEAS 
EDITION in Chinese 15 Aug 94 p 2 


[Article: “Sanya Uses Foreign Capital To Build Power 
Plant and Port”) 


{FBIS Translated Text] Sanya, China’s southernmost 
city, will make use of foreign capital to build an electric 
power plant with a total capacity of 2400MW and a pori 
with a handling capacity of 29.1 million tons. 


The U.S. Saide Electric Power Company, the Hainan 
Province Electric Power Corporation, the Western 
Hainan Electric Power Corporation, and the Xinya 
Development Corporation of Sanya will cooperate in 
building the Meishan Power Plant in Sanya. The 
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Western [as published] Electric Power Design Institute 
of the Ministry of Power Industry will be in charge of 
Project design. 

The finished power plant will have a capacity of 
2400MW. The first stage will consist of two 1SOMW 
generating sets and will require a total investment of $3.5 
billion, of which 75 percent will be provided by the Saide 
company. The plant’s main fuel will be natural gas from 
the South China Sea. 


This is the largest use of foreign capital to date at Sanya. 


The Nanshan port at Sanya will be designed by the No. 
2 Maritime Project Survey and Design Institute, of the 
Ministry of Communications. The planned handling 
capacity of the port is 3.27 million tons in the year 2000 
and 29.1 million tons in 2020. The total investment will 
exceed 600 million yuan, and the principal source of 
funding will be foreign government loans. 
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Total Coal Production in 1994 


956B0052A Beijing RENMIN RIBAO OVERSEAS 
EDITION in Chinese 23 Dec 94 p 1 


[Article by reporter Gao Xinghua [7559 5281 5478}] 


[FBIS Translated Text] According to estimates released 
by the Ministry of Coal Industry, the total national coal 
output for 1994 was 1.182 billion metric tons, up three 
percent over 1993, and the January - November total for 
raw coal was |.025 billion tons. 


This was the largest increase in volume of raw coal from 
key national mines, a total of 489 million tons, an 
increase of 6.75 percent over last year; local state-owned 
coal mines produced 208 million tons, up 2.16 percent 
over the previous year: and output from township coal 
mines held steady at 489 million tons. 


Coal mines and mine shafts were basically completed 
and went into production at 12 locations across the 
country this year, increasing production capability by 
14.79 million tons, and there were 21 key coal mine 
construction projects at a cumulative investment of over 
7.1 billion yuan. 


The national manpower efficiency rate per coal-mine 
worker was 1.55 tons, a more than 10 percent increase 
over last year’s figure of 1.4 tons. The labor efficiency of 
high-output high-efficiency mine shafts at 28 locations 
was as high as six tons per worker. 


According to an official of the Ministry of Coal Industry, 
domestic coal market demands have been calm, and 
because of the success in letting production be guided by 
sales and transportation, on-site coal storage at mines !s 
down from last year by nearly 1.5 million tons. 


Achievement in Underground Coal Gasification Made 


956B0052B Guiyang GUIZHOU RIBAO in Chinese 
13 Jan 95 p 3 


[FBIS Translated Text] China has turned the spotlight 
onto underground coal gasification technology which has 
been lying dormant for over a century. A research team 
led by Professor Yu Li of the Chinese University of 
Mining working in conjunction with the Xuzhou Mining 
Bureau, has raised the caloric value of underground gas to 
over 3,000 kilocalories per cubic meter of gas, far 
exceeding the international level of over 2,000 kilocalories 
for underground gas. 
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Using chemical methods to convert underground coal 
directly into combustible gas saves time and energy and 
does not pollute the environment. Since the famous Rus- 
sian chemist, (Menjieliefu) made this observation, Russia, 
Japan, France, the United States and the United Kingdom 
have joined the research challenge, but they have only been 
able to reach caloric values of over 2,000 kilocalories by 
forcing in pure oxygen, which is costly and has undesirable 
side effects. The caloric value per cubic meter of gasified 
underground coal achieved by Xu Li, et al, reached as high 
as 3,830.03 kilocalories. This was a momentous achieve- 
ment, and they take the credit for fashioning the world’s 
first long-tunnel major-sectional two-stage underground- 
coal gasification technology. 


The average extraction rate for coal is about 50 percent, 
half of it having to be left behind underground. Not only 
does Yu Li’s new technique mean that volumes and 
thermal energy can be increased, but it envisions the 
re-utilization of old depleted mines as well. This new 
technique was applied to the abandoned Xuzhou Xinhe- 
2 mine shaft. From the surface they drilled two holes for 
air in-take and gas exhaust into the two ends of a 
168-meter-long tunnel with a 2.5 square-meter cross to 
form an underground gasification caldron, into which air 
was forced to produce gas by means of thermochemical 
reaction. 


As of last October they had only achieved a thermal 
value of 1,200 kilocalories per cubic meter through their 
research efforts. In order to raise the caloric value of the 
underground coal gas to a higher level, Professor Yu Li 
boldly experimented with forcing air and steam down 
into the subterranean caldron. Miraculously, it produced 
a continuous four-hour supply of underground coal gas 
of high caloric value every time. Yu Li said, given 
sufficient steam, a daily output of 100,000 cubic meters 
of underground coal gas of high-caloric value would be 


possible. 


This kind of high-caloric-value underground coal gas is 
not only superior to what the Xuzhou Gas Fuel Corpo- 
ration now supplies for local domestic consumption, it 
sets the conditions for using it as raw material for the 
chemical industry and for generating electricity. The 
venerable 71-year-old Professor Yu Li said, the cost of 
producing one cubic meter of high-caloric-value under- 
ground coal gas is only about one-third that of above- 
ground coal gas, and that is a very enticing prospect. 
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Formation and Distribution of China’s Heavy Oil 
Bitumen Resources 


946B0189A Jiangling SHIYOU YU TIANRANQI 
DIZHI [OIL AND GAS GEOLOGY] in Chinese 
Vol 15 No 2, Jun 94 pp 105-112 


[Article by Hu Jianyi [5170 6015 5030] and Niu Jiayu 
[3662 0857 3768] of Research Institute of Petroleum 
Exploration and Development, Beijing: “Formation and 
Distribution of China’s Heavy Oil Bitumen Resources,” 
MS received | Nov 93] 

{[FBIS Abstract] Heavy oil in China is characterized by 
terrestrial genesis: low sulfur, trace elements and satu- 
rated hydrocarbon contents. Serious thickening due to 
biodegradation and other effects not only affects sterane 
and terpane compounds but also polycyclic aromatics. 
The thickening also causes obvious fractionation of 
stable carbon isotopes in the crude. Heavy crude pools 
were mainly created by later tectonic movements. The 
distribution is directly related to that of conventional oil. 
Heavy oil bitumen is widely distributed across China in 
great abundance. 

Heavy oil is an important part of petroleum-based 
saturated hydrocarbon resources and has potential 
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reserves which are several fold higher than those of 
conventional oil. Heavy oil and bitumen are widely 
distributed across China and in great abundance as well. 
More than 70 heavy oil fields have been discovered in 12 
basins (segs). (See Figure 1.) 


1. Geological and Geochemical Characteristics of Heavy 
Oil Bitumen 


The majority of China’s heavy oil and bitumen can be 
found in terrestrial strata formed in the Mesozoic and 
Neozoic era. A small amount of it can be found in 
marine bed formed in the Palaeozoic era. The reserve is 
mostly located in fragmented rock and is usually highly 
porous, permeable and loosely cemented.' Formation of 
a heavy oil deposit is usually a result of secondary 
movement of oil. The farther the movement is, the 
higher the degree of thickening becomes. Therefore, it 
usually co-exists with conventional oil. In an oil-and 
gas-rich beit, from the center of a basin to its edge, or 
from deep to shallow depth, crude oil would change from 
conventional oil to heavy oil. Heavy oil is primarily 
distributed along the slope surrounding a basin, around 
the edge of bulge, on top of a small bulge, or the shallow 
part of a crack in a basin. According to our analysis, 
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heavy oil density is primarily determined by its bitumen 
content. Its viscosity is not affected by its saturated 
hydrocarbon content. Terrestrial heavy oil is character- 
ized by its high viscosity and high level of non- 
hydrocarbon content. 


1. Elemental Composition 


As a result of biodegradation by bacteria, heavy oil 
contains high levels of oxygen, sulfur and nitrogen. It 
usually contains 0.4-1.0 percent of sulfur and 0.7-1.2 
percent of nitrogen. Compared to marine heavy oil, 
terrestrial heavy oil contains less sulfur, usually less than 
0.6 percent. However, its nitrogen content is slightly 
higher. The stronger biodegradation is, the higher its 
sulfur and nitrogen contents become. 


2. Paraffin Gas Chromatogram and Biological Markers 


There is a relative abundance of isoparaffin and cyclic 
paraffin type of saturated hydrocarbon, cyclic paraffin in 
particular, in heavy oil. As effects such as biodegradation 
and water-washing become more intense, normal par- 
affin is consumed first, followed by isoparaffin and 
cyclic paraffin. (See Figure 2.) Upon intense thickening, 
the composition and distribution of sterane and terpane 
compounds undergo obvious changes, and ceriain new 
compounds are produced. Normal sterane are appar- 
ently destroyed. Contents of rearranged sterane and 
progestrane increase substantially. In addition, the con- 
tent of normal nonacosane series is also significantly 
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decreased. A series of C,, pentacosane compounds 
begins to appear. However, tricyclic diterpane, tetracy- 
clic terpane and y hexacosane are more resistant to 
biodegradation. As more biodegradation takes place, 
their presence becomes more abundant.” 


3.Composition and Distribution of Polycyclic Aromatics 
Analyses of crude oil specimens of various thickening 
degrees from the Shuguang Field in the basin west of the 
Liaohe shows that biodegradation resistance of polycy- 
clic aromatics seems to follow the order: triaromatic 
steroid series —. chresene series — phenanthrene series 
— naphthalene series.* 


(1) phenanthrene series and naphthalene series 


Under the influence of thickening due to biodegradation, 
loss of the naphthalene series occurs before that of the 
phenanthrene series. On the basis of alkyiphenanthrene 
histograms (Figure 3), from the Shu 1-29-16 well to the 
Shu 1-31-152 well, as crude oil density increases from 
0.8817 to 1.0000, i.e., as the effect of thickening becomes 
more severe, its methylphenanthrene content gradually 
decreases from 38.47 percent to a lower level and it 
becomes predominantly comprised of trimethylphenan- 

threne and C,-phenanthrene compounds. The latter is 
particularly stable against biodegradation. Hence, it can 
be concluded that the biodegradation resistance of the 
alkylphenanthrene series goes up as the number of func- 
tional group increases. 
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Figure 2. Geochemical Characteristics of Crude Oil From Various Degrees of Biodegradation (Huang Difan, 1985) 
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Figure 3. Histograms of Alkyiphenanthrene Distribution in Crede Oil From Shuguang Field I (Niu Jiayu, 1990) 





(2) chresene series 


The chresene series has an extra aromatic ring compared 
to the phenanthrene series. It is even more resistant to 
biodegradation, water-washing and oxidation. This 
conclusion was confirmed by the analysis of the (phenan- 
threne + methylphenanthrene)/(chresene + methyl- 
chresene) ratio of various wells ranging from Shu !- 
29-16 to Shu 1-31-152. It varies from 12.6808 to 3.8182. 
Furthermore, in the chresene series, methylchresene is 
even more stable. For instance, the chresene-to- methyl- 
chresene ratio changes from 65.78 from well number Shu 
1-29-16 to 36.85 from Shu 1-31-152. 


(3) tricyclic aromatic steroid 


The four oil samples from the Shuguang Field show very 
similar tricyclic aromatic steroid fingerprints. For 
example, the ratio of (C,, + C,,¥(C.,) tricyclic aromatic 
steroid with a basic peak of 231 is between 1.1 and 1.3. 
This not only shows that they come from the same source 
of oil, but also reflects the fact that tricyclic aromatic 
steroid is not affected by the severity of the biodegrada- 
tion effect. It is very stable (see Figure 4). For instance, 
the (chresene + methylchresene)-to- t~icyclic- 
aromatic-steroid ratio (m/e 231) varies from (. 1442 for 
well number Shu 1-29-16 to 0.1910 for Shu 1-31-152. 
This proves that tricyclic aromatic steroid is even more 
stable than chresene. 


(4) stable carben isotopes 


An analysis of the carbon isotopes of the crude shows 
that as biodegradation and water-washing become more 


intense, its 5'°C value increases, i.e., the presence of 
heavy carbon isotopes becomes more abundant. In con- 
ventional oil, the relative abundance of carbon isotope 
follows the sequence of bitumen — non-hydrocarbon — 
aromatic hydrocarbon — saturated hydrocarbon. In 
heavy oil, this sequence becomes non-hydrocarbon — 
bitumen — aromatic hydrocarbon —. saturated hydro- 
carbon. Moreover, the level of carbon isotopes in each 
fraction also increases. 
Il. Formation and Evolution of Heavy Oil Bitumen 
The thickening of oil in an oil deposit is a periodic 
movement from a deep reservoir to a shallow layer and 
from a system that is not connected to surface water to 
one that does. The process involves migration, accumu- 
lation, re-migration and re-accumulation. As a result, oil 
becomes heavier and thicker. Finally, it even becomes 
solid tar. The thickening process can also be divided into 
two stages: movement stage and storage stage. Regard- 
less of the stage, the primary thickening effect comes 
oxidation. Furthermore, water-washing and biodegrada- 
tion almost always take place at the same time. It is 
difficult to distinguish the two effects. This is because the 
survival of bacteria is often dependent upon the flowing 
surface water. 
Maturity of the oil has a certain effect on heavy oil 
ae Se > ey Gee 2 St > 
chemical properties of the crude oil. Without being 


thickened, the density of relatively less ripened oil is 0.8- 
0.89 and its viscosity (at 50°C) is 25 80 mPa-s. The 
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Figure 4. Tricyclic Aromatic Steroid Distribution (m/e 231) in Es,-Ng of Shuguang Field I 





density of ripened crude is less than 0.85 and its viscosity 
is below 10 mPa-s. This indicates that less ripened crude 
is heavier and thicker than ripened crude oil. At the same 
density, less ripened crude is more viscous than ripened 
crude. This is related to the high non-hydrocarbon 
content in less ripened crude.‘ From the oil thickening 
curve (Figure 5), less ripened and ripened conventional 
oil thicken following their own regression lines (mean 
thickening path). The two regression lines have different 
intercepts. This is related to the degree of maturity. 
When the oil is less ripened, the corresponding intercept 
is larger. This is because less ripened crude is relatively 
heavier and thicker. It only takes slight thickening to 
turn into heavy oil. Ripened oil, however, is light and 
thin. It takes a lot of thickening to turn into heavy oil. 


As crude density rises, the combined force due to gravity 
and buoyancy exerted on an oil drop trapped between 
rocks decreases. In the meantime, its surface tension 
goes up due to an increase in non-polar compounds. This 
makes it more difficult for an oil drop to pass a pore in 
the rock. This means that it is easier for heavy oil to 
accumulate than conventional oil. This is the self-sealing 
effect of bitumen. Various heavy oil reservoirs were 


created due to this property and other factors such as 
conditions associated with the strata, rocks and geolog- 
ical structure. 


il. F Distribution and of 
wonetien, Prospect of Heavy Oil 


1. Reservoirs— Products of 
Mews by be pe et 


(1) The rise of oil-and gas-coniaining basins, particularly 
related to tectonic movement in the Neozoic Era, caused 
the migration and accumulation of ancient oil deposits 
toward the surface. Heavy oil, bitumen and tar sand were 
formed due to different degrees of biodegradation and 
oxidation. Wesiern China collided with the India plate 
in the Miocene epoch, causing certain regions to rise. 
Folded mountain ranges were formed around the Kara- 
tunggu basin. Oil and gas moved laterally over a wide 
range. A considerable amount of oil and gas cither 
escaped or was destroyed. In addition, this also created a 
number of bitumen-sealed heavy oil reservoirs and tar 
sand deposits. For example, the Junggar basin is a 
complex superimposed basin created by a large westerly 
movement of an ancient sea. It began as a lake deposit in 
the late Permian period. It is 2,000 to 4,000 m deep and 


Tectonic 
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contains the primary oil-producing rocks. In the Triassic 
period, a large area of overlap deposit took place in the 
region. Clastic rock is approximately 2,000 m deep. It 
also provided the necessary conditions to form oil. The 
large percussion sandy rock at the northwest edge of the 
Permian-Triassic lake basin is directly and deeply 
sticking into the gigantic oil-forming rock system. 
During the Jurassic and Cretaceous periods, the basin 
was sinking steadily. Oil formation became ripened and 
began to migrate and accumulate to form regional over- 
lappingly sealed reservoirs. A large reverse fault became 
active in the mountain-building era to cause the north- 
west edge of the basin to rise until the Quaternary 
period. This caused the denudation of the Jurassic and 
Cretaceous structure. In addition, a sealed ancient oil 
deposit was opened to some extent so that bitumen is 
widely found around the edge. This includes tar pools, 
tar veins and tar sands. Areas where bitumen was well 
sealed became heavy oil reservoirs (see Figure 6). In 
addition to tar sealing, the enclosure of heavy oil reser- 
voirs may also be due to the overlapping strata. Oil is 
usually buried at less than 600 m and oil temperature is 
at 16-27°C. Most of the crude is moderately thickened. 
Close to the surface, it was subjected to severe biodeg- 
radation and oxidation. There are obvious signs of 
consumption of sterane, terpane and nonacosane.® 


Triassic layers. The extent of biodegradation and oxida- 
tion increased from bottom to top to form the Triassic 
heavy oil deposit (see Figure 7). 


This kind of heavy oil deposit which was formed along a 
rift-is widely distributed around the Bohai Bay basin. 
The amount of heavy oil reserves discovered represents 
30-50 percent of the total petroleum reserves. 
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Figure 5. Oil-Thickening Diagram in the Bohai Wan Basin 
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Figure 6. Characteristics of Conventional and Heavy Oil Distribution in the Northwest Junggar Basin 








This report may contain copyrighted material. Copying and dissemination 
is prohibited without permission of the copyright owners. 














OIL AND GAS 


JPRS-CST-95-004 
17 March 1995 























1183.6 —1233.2Ngs~ Ne* Fd 
, Viscosity 
Ne te (aPa-s) 
| 1265.8 ~ 1233.2 N¢~* Ne’- / 7 
| pdm f 
. Ne o” & Relative density 
1810 ~ 1832.6 Es, a 
N¢g- 








6.95 6.96 8. : Relative 
~pAmai ty 


350 $50 Viscosity 
(mPas) 











OF A hkl tap 





| / “///4A 


Conventional eil 























New 
ee 
Ra 





Eis | 


on 











Figure 7. Analysis of Heavy Oil Deposit at Gudae Field 





2. Co-existence and Transition of Heavy Oil and 
Conveational Oil 


Most faults in eastern China have excellent oil-forming 
centers. Conventional oil deposits are often found around 
the center of such centers. As we move towards the edge, 
signs of biodegradation, water-washing and oxidation are 
obvious. Crude oil thickens rapidly and a heavy-oil belt is 
usually found along the edge. In some rifts, the heavy 
oil-to-conventional oil ratio is 4:6. In others, the ratio may 
reach 6:4, such as in the west Liao He basin (see Figure 8) 


and Dongying basin (see Figure 9). 
3. Some Heavy Off Comes From Unripened Crade 
This type of heavy oil is found in every oil and gas basin 


in eastern China. Although an oil-producing shale has 
not yet reached the oil production threshold, a certain 


amount of unripened oil will be produced in the com- 
paraffin is produced in the shale due to certain biochem- 
ical reactions, especially when the unripened shale has a 
high organic content. Its bitumen and non- hydrocarbon 
contents are high. The CPI of normal saturated hydro- 
SOR SES Sas 5G ay SGD DG 


In conclusion, although China's oil and gas regions do 
not have the geological conditions to form huge heavy oil 
bitumen belts such as in Alberta, Canada and Maturin, 
Venezuela, heavy oil and conventional oil co-exist in 
most oil and gas basins in China and the transition obeys 
a certain pattern. Heavy oil deposits are abundant in 
China, corresponding to over 25-30 percent of the total 
petroleum reserves. 
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Figure 8. Heavy and Conventional Oil Distribution at West Liao He Basin 
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Figure 9. Heavy and Conventional Oil Distribution at Dongying Basin 
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Oil-Bearing Structures Verified in Taklimakan 


946B0165A Beijing RENMIN RIBAO OVERSEAS 
EDITION in Chinese 28 Jul 94 p 1 


[Article by reporter Li Dadong [7812 1129 2639]] 


[FBIS Translated Text] As a result of several decades of 
difficult work, China’s geologists now can use desktop 
computers to provide drilling crews with detailed on- 
demand information about the surface and subsurface 
geology of most of the Taklimakan desert. In the Luntai 
zone in the north of desert, the drilling crews have used 
geological data to site 47 wells, almost all of which have 
produced showings of oil. This success rate is on a par 
with advanced world petroleum exploration standards. 


The Taklimakan desert, the world’s second-largest desert 
of shifting sand, which is located in the Tarim Basin of 
Xinjiang, swallowed up more than 20 ancient kingdoms. 
In the late 1970's and early 1980's, several desert geology 
exploration teams, composed of engineering and tech- 
nical personnel from the Northwestern Geology Bureau 
of the Ministry of Geology and Minerai Resources and 
the No. 3 Geological Survey Bureau of the former 
Ministry of Petroleum, entered the Taklimakan region to 
shoulder the heavy task of finding a reserve petroleum 
supply for China. 
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The preliminary statistics show that the petroleum geol- 
ogists have performed two-dimensional seismic sur- 
veying on profiles with a total length of more than 
160,000 km, three-dimensional seismic surveying in an 
area of 1800 km?, and desert gravimetric surveys on 
profiles with a total length of more than 30,000 km, have 
constructed 9 seismic profiles crossing the desert, and 
have performed 1:25,000 scale aeromagnetic surveys of 
the desert, radiochemical explorations, special well log- 
ging studies, and other surveying work. In addition, they 
have laid out more than 3,500 satellite global positioning 
system reference points in the desert, representing a 
density of 1 every 10 km, and have matched world 
standards for rapidity of positioning and accuracy of 
coordinate-system conversion. They have subdivided 
the region into seven basic structural elements, con- 
sisting of ‘three uplifts and four depressions,” and have 
established stratigraphic and structural databases for 
them. Structural data on the top several thousand meters 
of geologic strata beneath the desert are now essentially 
in hand. 


Senior engineer Liu Guoliang [0491 0948 2733] told us 
that the Xiaya and Bachu oil-containing uplift belts were 
identified in the western part of the desert and that an 
oil- and gas-bearing stratum 300 m thick was later found 
at Yueshan. Subsequent drilling located a high- 
productivity commercial reservoir of oil and gas in a 
stratum at a depth of 5391 m, providing scientific 
well-siting data for the main petroleum development 
force. 


Breakthroughs Made in Shallow Gas Exploration 
in Chengdu Plain 


956B0037A Jiangling SHIYOU YU TIANRANQI 
DIZHI [OIL AND GAS GEOLOGY] in Chinese 
Vol 15 No 3, Sep 94 p 266 


[Article by Jin Xiohua [6855 2556 5478): “Break- 
throughs Made in Shallow Gas Exploration and Devel- 
opment in Chengdu Plain”’} 


{[FBIS Translated Text] During the exploration of the 
Xiaoquan Gas Field in 1987, through the mid-DST test 
of the Chuanxiao 113 well, an industrial gas flow was 
discovered at the 610-meter well depth of the Pen- 
glaizhen Unit. This discovery prompted the extensive 
attention of the local petroleum geologists. In 1990, the 
Xinchang Gas Field was discovered east of the Xiaoquan 
Gas Field. The evaluation exploration and rolling devel- 
opment verified that from its top to the bottom, the 
Xinchang Gas Field contains three Jurassic system gas 
reserves, namely, the Penglaizhen Unit, the Shangshax- 
imiao Unit, and the Qianfoyan Unit. Recently, special 
shallow stratum gas exploration concentrating on the top 
portion of the Penglaizhen Unit was deployed. This 
exploration deployment controls a gas reserve area of 
several tens of square kilometers. In 1993, it was deter- 
mined that the Shengchang Gas Field was to be devel- 
oped on a large scale, and listed as a key item in 
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Sichuan’s economic development. By July 1994, 31 
industrial gas wells were identified out of the 38 wells 
drilled and explored in the Penglaizhen Unit. The pro- 
duction rate of each well is greater than 10,000 cubic 
meters per day; and that of some high-yield wells, as high 
as 50,000 cubic meters per day. The natural gas produc- 
tion rate increases so rapidly that it reaches 150 million 
cubic meters annually, and is still growing. In addition, 
discovery wells are drilled, and progress is made in the 
natural gas exploration by the Penglaizhen Unit of the 
Xiaoquan and Hexingchang gas fields. 


The reservoir stratum in Penglaizhen is composed of 
river-lake phase lens-shaped fine aleuvite and mud-type 
aleuvite with a thickness of 5-20 meters. The porosity 
rate is generally greater than 12 percent; and the diffu- 
sion rate, generally 5 x 10°? m7. Overall, this is a 
densified gas stratum. Since the gas diffusion property of 
the Penglaizhen reserve stratum is far superior to that of 
the underlying Shangshaximiao Unit reserve, the unit 
well would have better production capacity. The original 
stratum pressure gradient of the gas layer is 13- 
14KPa/m, which means that the Penglaizhen stratum is 
a low super pressure gas reserve. 


The gas burying depth in the Penglaizhen Unit is generally 
around 600-800 meters, and some depths reach 1400 
meters. The hitting rate of drilling is fairly high, the degree 
of exploration difficulty is low, and the construction cycle 
is short. 


The gas source rocks are in the fifth section of the 
Xujiahe Unit. The organic contents with Type II cheese 
radical as the major component in the melanocratic 
mudstone, the cabonaceous mudstone, and the coal 
stratum are abundant. The super pressure gas generated 
from the gas source rocks moved upwards vertically 
through the fracture system of itself and the Jurassic 
system, and gathered into rich reserves in the Jurassic 
system, including the Qianfoyan Unit, the Shangshaxi- 
miao Unit and the Penglaizhen Unit. The vertical dis- 
tance between the gas layer of the Penglaizhen Unit and 
the top of the gas source rock is between | ,600 to 2,500 
meters. The gas reserve is actually a conglomeration of 
migrations from distance sources. The mechanism of the 
reserve formation is obviously very unique. 


The discovery of the Penglaizhen gas reserve is the first 
in the Chengdu Plain, and even in the Sichuan Basin. It 
is significant in terms of natural gas geological theory, as 
well as exploration practice. 


There is bright future for natural gas exploration in the 
red beds (shallow, and mid-deep strata) of the Jurassic 
system and the Cretacic System in the Chengdu Plain 
and its periphery. The discovery of the Xinchang Gas 
Field is not an isolated, accidental phenomenon. When 
we seize this territory, we can expect that with relatively 
small investment and within a shorter period of time, we 
can continuously discover a batch of medium or shallow 
gas reserves of intermediate or small scale and thus 
contribute to the increase of natural gas reserves and 
production capacities. 
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Oil, Gas Explorations in Xinjiang’s Santanghu, 
Yanqi Basins Begun 


956B0037B Beijing RENMIN RIBAO OVERSEAS 
EDITION in Chinese 7 Nov 94 p I 


[Article by Wang Boyu [3769 0130 3842]: “All-Out 
Efforts in Oil Gas Explorations of Xinjiang’s Santanghu 
and Yanqi Basins Begun’’] 


[FBIS Translated Text] Xinhua News, Urumgi, 6 Nov 
94 Telegram (reporter Wang Boyu): The explorations of 
oil and gas in the Santanghu Basin and the Yanqi Basin 
are now on full scale, and significant breakthroughs have 
been achieved. These two explorations are new, fol- 
lowing the three explorations of the Tarim, Junggar, and 
the Turpan-Hami basins. 


The Santanghu Basin is located in the eastern region of 
Xinjiang, occupying an area of 23,000 square kilometers. 
There are more than 9,000 square kilometers of sedi- 
mentary rocks favorable for oil exploration. It is esti- 
mated that these rocks are rich in oil reserves for future 
exploration. In August 1994, a key deep drilling station 
in the area discovered an oil-gas layer as thick as 18 
meters. At present, trial tests productions are being 
conducted. The Yanqi Basin, located at the southern 
foot of the Tianshan range, has an area of 13,000 square 
kilometers. On 15 October 1994, the first exploratory 
well discovered an industrial oil-gas flow. This is a 
preliminary indication that there is a bright future for oil 
production in the region. 


According to petroleum geologists in Xinjiang, the geo- 
logical conditions of the Santanghu Basin and the Yanqi 
Basin are conducive to oil-gas generation and concentra- 
tion. Many favorable geological structures for oil 
reserves have been discovered. These two basins are 
promising new exploration regions. At present, the Oil 
Department has concentrated and accelerated efforts on 
oil-gas exploration in these two basins. 


ip ty Natural Gas Flow Obtained in Yunnan’s 
Luliang Basin 


956B0037C Kunming YUNNAN RIBAO in Chinese 
29 Oct 94 pl 


[Article by Xu Shaode [6079 4801 1795): “More Good 
News From Luliang Basin Exploration. High-Yield 
Natural Gas Flow Obtained in Lu-2 Well’’] 


{[FBIS Translated Text] Yunnan Ribao News: Good 
news came again from Luliang Basin on 25 October 
1994. After the perforation test on the 25-meter thick gas 
layer situated between the well section of 571 meters to 
603 meters, natural gas with an unobstructed flow rate of 
1.05 million cubic meters per day is found. A trace 
amount of condensate oil exists in the natural gas. 


In June 1994, after the important discovery at the 
Lucan-! Well, the leadership of the head office of China 
Oil and Natural Gas Company paid special attention to 
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the discovery. He personally listened to the report, and 
approved the exploration plan. Thirty-five news dis- 
patches on the event were carried in 25 foreign and 
domestic papers. Thirteen companies and banks have 
expressed their intention to cooperate in the exploration. 
The Yunnan Provincial Government established an 
““Oil-Gas Guidance Group,” with Deputy Governor Niu 
Shaoyao as the group leader, to coordinate related works. 
The Yunnan-Guizhou-Guangxi Petroleum Exploration 
Bureau (YGGPEB) quickly deployed forces to speed up 
oil-gas exploration in the Luliang Basin. In addition to 
managing the three-dimensional seismic work of the 
entire basin, the YGGPEB decided to drill four explor- 
atory wells. The first drilling was the Lu-2 well in order 
to investigate the oil-gas reserve and production capa- 
bility of the slope on the back of Dazuizi of the Luliang 
Basin. 


Drilling Team No. 32662 of the Zuan-Tan-2 Company 
was assigned the drilling and exploration of Lu-2 well. 
After intensive training, the team was transported from 
the Baise Oil Field of Guangxi to Luliang where they 
plunged into hard work as soon as they arrived. The 
scientific management at the site was carried out strictly 
according to the construction schedule. To assure 
drilling safety, quality work, and the collection of com- 
plete and accurate drilling information, the 57 workers 
of the Drilling Team have had “Well Control” training, 
passed the examinations, and earned the Well Control 
Operation Certificates. At work, the job-responsibility 
system and all the technical procedures were strictly 
followed. The Exploration company dispatched experi- 
enced geologists and engineers to supervise the work. 
With assistance from the Material Exploration Bureau 
and the Jianghan Petroleum Institute, the Technical 
Service Department installed a consolidated well data 
recorder, and successfully conducted automatic well data 
recording and monitoring. On reaching the gas layer, the 
well surged with gushing mud three times. Because of 
timely discoveries, and proper measures taken, all the 
well surges were promptly controlled. The drilling was 
started on 30 August, and completed on 9 September, 
reaching a depth of 1500 meters. The production time 
reached as high as 96.58 percent. The well quality and 
the well cementation met all the specifications. The 
consolidated study of well recording and well testing has 
discovered a sandstone gas layer existing in the well 
sections between the 444 meters and the 454 meters as 
well as between the 571 meters and the 603 meters. The 
unobstructed natural gas flow rate of the layer from the 
571 meters to the 603 meters reached 1.05 million cubic 
meters per day. A small amount of condensate oil is 
produced. The flow does not contain water. 


At present, in addition to concentrating on speeding up 
the exploration in Luliang, the YGGPEB also deployed 
personnel to explore the neighboring regions of the 
Yuezhou Basin and the Qujing Basin. Three more 
exploratory wells will be drilled. The three-dimensional 
seismic exploratory work will be conducted in an area of 
300 square kilometers; and the two-dimensional seismic 
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work, in a distance of 130 kilometers. The complete 
basin will undergo an overall analysis and evaluation to 
strife for the discovery of considerable natural gas 
reserves in 1995. 


Seeibae GR, Ges Chtained te Migs Gaseng 
Field 


956B0044A Beijing RENMIN RIBAO OVERSEAS 
EDITION in Chinese 30 Nov 94 p 1 


[Article by Chen Jingbo [7115 2529 3134], Wei 
Hougiang [7614 0624 1730] and Luo Li [5012 7787}] 


[FBIS Translated Text] The Henan Oil Field Tarim 
Prospecting Corporation, drilled their first parametric 
well on a structure zone in the middle of the Bohu-Yanqi 
basin and brought up an appreciable oil and gas flow. On 
27 November this newly found oil field was named the 
“Baolang oil field”’. 


Drilling was begun on the Yancan-! well on 9 August this 
year, and thanks to precision engineering, drilling depth 
was 2,631.96 meters by 26 November. Geologic logging 
and comprehensive on-site analysis reached an oil and 
gas summation of 18 strata and 149 meters of depth, and 
electronic logging indicated 14 strata and 121.5 meters 
of depth. On 26 November a daily output of 103.2 cubic 
meters of light-yellow light crude oil and over 50,000 
cubic meters of natural gas was obtained. 


The birth of Baolang oil field provides further evidence 
of the vast prospects for the prospecting and develop- 
ment of oil and gas in northwest China. 


Sino-U.S. Joint Venture To Develop Gudao Oil 
Field in Shandong 


956B0044B Beijing JINGJI RIBAO in Chinese 
17 Nov 94 p 2 


[Article by reporter Xie Ranhao [6200 3544 3185]] 


[FBIS Translated Text] Another breakthrough has been 
made for foreign cooperation in developing Chinese 
onshore oil. In Beijing on 9 November, the China 
National Petroleum and Natural Gas Corporation 
signed an agreement with the U.S. Arabia-Kuwait Cor- 
poration in China to cooperate in research to raise the 
level of development of the Gudao oil field, a 100 
million-ton-class oil field at Shengli oil field. 


According to the agreement, both sides will jointly 
re-analyze all aspects of the available data on Gudao in 
its current development to find ways to increase the 
volume of extraction, and raise its rate of yield for crude 
oil. The (A Ke) Corporation will provide the funds and 
technical services needed for the cooperative research, 
and when the joint research is concluded, the (A Ke) 
Corporation will be given preference for cooperation in 
its development. The Gudao oil field at Shengli, which 
was discovered in the late 1960s and came under devel- 
opment in 1972, has stable sedimentation, cohesive 
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structure, and good factors for development. But, it does 
have some geological anomalies, heavy oil and sand wells 
that present definite obstacles to its development and 
production. It is believed that, although its present crude 
oil extraction rate continues to be less than 30 percent, it 
still has development potential. 


Wu Yaowen, Chief of the Bureau of International Coop- 
eration of the China National Petroleum and Natural 
Gas Corporation, said that this is the first time that a 
mature oil field of this size has been opened up for 
foreign cooperative study. Besides the acquisition of 
foreign funds and technology, a more important aim of 
this cooperative effort is to gain referential experience 
and technology with which to increase the productivity 
of all of the oil fields in the country that are in middle or 
late periods of development. 


The (A Ke) Corporation is a well-known international 
oil-conglomerate representing 128 years of business 
experience with annual business earnings of up to U.S. 
$19 billion and assets up to U.S. $24 billion. It was the 
first to cooperate with China in off-shore oil develop- 
ment, and it was successful in finding China’s largest gas 
field to date, the Nanhaiya-1-31 gas field in the South 
China Sea. 


Two New Oil Fields Found in Turpan-Hami Basin 


956B0044C Urumqi XINJIANG RIBAO in Chinese 
20 Nov 94 pl 


[Article by reporter Liu Feng [0491 2800)] 


[FBIS Translated Text] Two new oil fields were found at 
Huoyanshan in the Turpan-Hami Basin. The Turpan- 
Hami Basin is one of the petroleum industry’s strategic 
replacement areas, where nine oil and gas fields have 
been found in just three-year’s time. 


During the course of prospecting and development in the 
Turpan-Hami oil fields, new and robust management 
systems and operational mechanisms have gradually 
been set up in pursuit of good project management and 
orderly contract systems, as well as to stress imports, 
development and broad application of all kinds of new 
prospecting technology, new methodologies, and new 
techniques, all of which have made rapid and effective 
oilfield prospecting and development a reality. 


The Pubei and Shenquan oil fields found in 1994, 
located respectively in Putaogou and Shengnangou struc- 
tural belts of the Huoyan Shan foothills, represent the 
turning point in shifting the Turpan-Hami Basin pros- 
pecting strategy from the eastern to the western part of 
the Huoyan Shan, which now has led to impressive 
findings. These new oil fields have good quality oil, high 
productivity, high extraction rates, superlative geological 
conditions with sufficient volumes of oil and gas for high 
output capability, and evidence of voluminous reserves, 
and it bolsters the prospects for finding more oil in the 
Turpan-Hami Basin. 
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Exploratory drilling was conducted in the spirit of “cast- 
ing a big net to catch a big fish”, which netted three other 
structural belts bearing oil and gas this year: the Sheng- 
nan, Yuguo, and Lianmugin, and the intermediate pros- 
pecting tests done in those structures indicate they all 
will produce industrial oil and gas flows. 


Update on Oil Exploration in Xinjiang 


956B0044D Urumqi XINJIANG RIBAO in Chinese 
22 Nov 94 p I 


[FBIS Translated Text] Theoretical research into Xin- 
jiang petroleum geology has had some notable results in 
clarifying the salient features of the Tarim, Junggar, and 
Turpan-Hami Basins. 


Five years ago, national authorities directed that an S&T 
investigation project be carried out in seven major 
subject areas and on 46 specific topics relating to oil and 
gas resources in Tarim Basin, and the Tarim Petroleum 
Directorate responded by organizing the participation of 
over 1,300 specialists from 57 S&T research institutes 
into the research effort. With the support of workers on 
the exploratory front the research went smoothly, and so 
far, 128 new points of theory on the nature of oil and gas 
geology in Tarim Basin have come to light. 


During the 1990s, the Xinjiang Petroleum Bureau, 
which is primarily involved with exploration of the 
Junggar Basin, while carrying out exploratory research in 
the old oil regions of the northwest rim of the basin, 
completed its research into the laws of oil and gas 
accumulation and other prospecting projects in the cen- 
tral basin in order to provide a scientific basis for 
deployment of exploratory drilling there. Besides 
learning that there still are 23 sections of the old north- 
west rim areas that have nearly 100 million tons of 
exploitable oil and gas reserves, the Xinjiang Petroleum 
Bureau also found two new oil fields at Wuqunan and 
Mabei. Guided by their petroleum geology theory, the 
Xinjiang Petroleum Bureau proceeded with exploratory 
drilling in the central basin and turned up a succession of 
wells with industrial oil and gas flows, and sketched out 
a large oil field in the center of the basin that breaks new 
ground for oil and gas exploration in Junggar. 


In the Tarim-Hami oil fields, scientists found oil- 
formation conditions in Jurassic coal-bearing strata, a 
great find for the enrichment and perfection of Chinese 
petroleum geology theory. After a great deal of compre- 
hensive research and analysis the scientists found that 
the formation of oil and gas in coal bearing strata 
depends on the maturing process of the coal. Coal that 
matures early can produce oil and gas; late-maturing coal 
cannot. The Jurassic coal-bearing strata of the Turpan- 
Hami Basin has a high degree of maturity and is capable 
of producing oil and gas. Pursuing this theory the Tur- 
pan-Hami Petroleum Directorate concentrated their 
prospecting on the Jurassic coal-bearing strata and very 
quickly found the Shanshan and Quiling oil fields. 
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Sino-U.S. Joint Oil Exploration Signed 


956B0057A Beijing RENMIN RIBAO OVERSEAS 
EDITION in Chinese 8 Dec 94 p 1 


[Article by reporter Qin Jingwu [4440 0079 0582]] 


{[FBIS Translated Text] The China Offshore Petroleum 
Corporation and the U.S. Phillips Oil Corporation 
signed the Bohai | 1/05 petroleum contract in Beijing on 
8 December 1994. The 9,200 square-kilometer contract 
zone for which the Phillips Corporation will venture 
U.S. $40 million is located in the central Bohai Gulf 220 
kilometers east of Tianjin. Seismic sampling, analysis, 
exploratory drilling, and other prospecting activities will 
begin next year. 


The internationally known Phillips Corporation, an affil- 
iate of the U.S. (Paikedun) Oil Corporation has been 
cooperating in projects with the China Offshore Petro- 
leum Corporation since 1979, and in 1983 and 1985, 
respectively, they signed the Zhujiang coastal basin 
15/11 and 15/12 petroleum contracts, invested over U.S. 
$100 million, drilled more than 10 exploratory wells, 
and discovered the Xijiang 24-3 and Xijiang 30-2 oil 
fields. 


Production of Daqing Oil Field Hit 56 Million 
Tons in 1994 


956B0057B Beijing RENMIN RIBAO OVERSEAS 
EDITION in Chinese 7 Jan 95 p 1 


{Article by correspondent Xun Peiwen [6737 1014 
2429)] 


{[FBIS Trsanslated Text] Daqing oil field produced a 
record 56 million tons of crude oil in 1994. Daqing, 
China’s largest oil field, was discovered in September 
1959, came under development in 1960, and in 1976, 
crude oil output reached 50 million tons and has main- 
tained its high level of production for 19 years. 


Dagqing oil field, China’s prominent petroleum and pet- 
rochemical base, accounts for the lion's share of the 
country’s total oil output, and having produced a cumu- 
lative 130 million tons in the last 30 years; it commands 
financial preeminence in the national economy. 


Two New Oil Fields Discovered in Xinjiang 


956B0057C Beijing RENMIN RIBAO OVERSEAS 
EDITION in Chinese 9 Jan 95 p 1 


[Article by reporter Ya Likun [0068 0500 0981)] 


[FBIS Translated Text] Urumgi, 8 Jan (XINHUA)}— 
Two newly discovered and confirmed oil fields at Kara- 
may, China’s fourth largest oil field, produced 7.9 
million tons of crude oil in 1994, an increase of 300,000 
tons over 1993, surpassing the state issued annual 
production plan. 


Last year, prospecting at Karamay progressed from the 
rim of Junggar Basin toward the central basin where two 
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100-million-ton-class oil fields, the Mabei and Shixi oil 
fields, were found on a 5,000 square-kilometer belt of 
oil-bearing structures. The Xinjiang Petroleum Admin- 
istrative Bureau put its full effort into exploring this 
oil-rich belt, increased the volume of new oil and gas 
reserves and production capability of Karamay to record 
heights, and made rapid growth in the crude oil output at 
Karamay oil field a reality. 


Oil Reserve of Liaohe Oil Field Ranks First in 
China 


956B0057D Beijing RENMIN RIBAO OVERSEAS 
EDITION in Chinese 26 Jan 95 p 1 


[Article by reporter Li Shanyuan [2621 0810 6678}] 


{FBIS Translated Text] Shenyang, 25 Jan (XINHUA)— 
The total volume of confirmed geological oil reserves at 
Liaohe oil field within the northeast boundary of China is 
more than 90 million tons, controlled reserves exceed 100 
million tons, and it occupies first place among China’s oil 
fields in volume of newly confirmed geological reserves. 


Liaohe oil field, located in Panjin Municipality, Lia- 
oning Province, is China’s third largest oil and gas field, 
and in 1994 it produced more than 15.02 million tons of 
crude oil, a 5.8-percent increase over the previous year, 
and a 98-percent increase over ten years ago. Its natural 
gas output was 1.8 billion cubic meters, up 1.5 percent 
over last year, and 28 percent over ten years ago. 


Following the discovery of Horgin oil field at Lujiabao 
in Liaohe oil field last year, a succession of notable new 
reserves were found at Horgin, Taiyang Dao, Bijialing, 
and Kuihua Dao; and a new oil field with an annual 
production capacity of one million tons was built on the 


Horgin grasslands. 


Tarim Exported 1.5 Million Tons of Oil in 1994 


956B0057E Beijing KEJI RIBAO [SCIENCE AND 
TECHNOLOGY DAILY] in Chinese 6 Dec 94 p 2 


[Article by reporter Chen Weidong [7115 5898 2639] 
and correspondents Zhang Jiagi [1728 1367 0796] and 
Ma Jun [7456 6511]] 


[FBIS Translated Text] Tarim oil field, a strategic oil and 
gas replacement zone, shipped !.5 million metric tons of 
crude oil to the internal provinces between January and 
November of 1994. According to statistics, since | 
January 1991 Tarim oil field has shipped a cumulative 
total of up to 3.93 million tons of crude to the inland 
areas. Tarim Basin is rich in oil and gas reserves, has the 
geological conditions suitable for the establishment of 
large-scale oil and gas fields, and is regarded by experts 
to be the replacement area for China’s oil and natural gas 
reserves. The growing influx of foreign funds is causing 
rapid growth in Tarim oil production. Last year's daily 
output of over 1,500 tons of crude oil has zoomed to 
today’s 6,900 tons per day. As the export volume of 
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crude oil grows, the Urumqi Railroad Bureau is com- 
pelled to seek every means to meet its export mission. To 
guarantee transport safety, the bureau has instituted a 
load-overage awards procedure to see that each train 
hauls an additional 300 tons. The bureau has also joined 
with petroleum departments in fixing schedules to coor- 
dinate loading and shipping units in order to raise the 
efficiency of crude oil exports, and that has made a big 
increase in the volume of crude oil being shipped out. 
This year, the Urumai Railroad Bureau put money into 
improving the south Xinjiang railroad by putting down 
heavier steel rails in tunnels and on slopes, upgraded the 
quality standards for maintenance on the 476- 
kilometer-long south Xinjiang rail line, and raised the 
hauling capacity of trains dedicated to exporting crude 
oil. 


1994 Oil Production in Xinjiang 


956B0057F Urumqi XINJIANG RIBAO in Chinese 
1 Jan 95 pl 


[Article by reporter Liu Feng [0491 2800)] 


[FBIS Translated Text] As of 28 December 1994, the 
three major Xinjiang oil fields had completed their 
annual crude-oil production plans over quota, having 
produced fully 11.18 million tons of crude, a nine- 
percent increase over the same period the previous year. 
Petroleum prospecting scored gloriously in finding seven 
new oil fields. 


In 1994, in addition to the Tazhong oil field newly found 
at Tarim, there was a rather large oil and gas field found 
in the Yaha area with a high output of oil and gas. The 
Turpan-Hami oil field came through smartly with the 
Pubei and Shenquan oil fields found in the Putaogoubei 
and Shennan structure belts in the foothills of Huoyan 
Shan. At the 40-year-old Karamay oil field in the Junggar 
Basin two more oil fields were found and opened up, the 
Mabei oil field and the Shixi oil field. The Zepu Taxinan 
Directorate found one oil-bearing zone of enrichment in 
the Bashi Tuopu structure of the Bachu Jinggukake 
structural belt. The most exciting find was from the 
Yancan-! exploratory well drilled by the Henan Petro- 
leum Prospecting Bureau in the Yanqi Basin where 
intermediate measurements showed a high-yield flow of 
industrial-grade oil with a daily output of 105 cubic 
meters of crude oil, and over 50,000 cubic meters of 
natural gas, giving birth to the new Baolang oil field. 


1994 Natural Gas Production in Sichuan 


956B0057G Chengdu SICHUAN RIBAO in Chinese 
16 Jan 95 p 1 


[Article by Dai Chongchao [2071 4378 6389}] 


{[FBIS Translated Text] Natural gas production in 
Sichuan has broken the 7 billion cubic meter mark. As of 
31 December 1994, the total output of natural gas was 
7.0665 billion cubic meters, reaching the “Eighth 5-Year 
Plan” target one year ahead of schedule. 
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In recent years, Sichuan has been facing a serious funds 
shortage for the production of natural gas, there was a 
widespread drop in work volume, and output volumes 
from old wells were falling off sharply. To solve this 
problem, the Sichuan Petroleum Bureau embarked on a 
prospecting and development strategy of making use of 
S&T advancements to “strike in eastern Sichuan, 
develop the center, stabilize the older areas, make prep- 
arations in the northeast, and actively open up new areas 
in new districts.” 


The Petroleum Bureau got notable prospecting results by 
giving emphasis to prospecting through steering invest- 
ments, strengthening the “six ways together” idea, and 
employing modern prospecting technologies and 
methods. In the first four years of the “Eighth 5-Year 
Pian” the volumes of confirmed and controlled natural 
gas reserves increased by over 100 billion cubic meters, 
over-fulfilling the “Eighth 5-Year Plan” ahead of 
schedule. Meanwhile, the Petroleum Bureau got the 
jump on development, got rid of the serious limitations 
in prospecting and development of the past, and short- 
ened the prospecting to production period. Construction 
of the gas pipeline from the Pingluoba gas field to 
Chengdu Huayang, the Wubaiti gas field—Jinda dual 
pipeline, Wolonghe pressure step-up station and other 
full-scale energy production projects are picking up the 
pace. When the purifying plant at Moxi gas field with its 
800,000 cubic meter per day capability and all was 
completed one month ahead of schedule, that alone 
boosted the production of natural gas by 24 million cubic 
meters. 


Progress Made in Coal-Bed Gas Exploration in 
Shanxi 


956B0057H Guiyang GUIZHOU RIBAO in Chinese 
13 Jan 95 p 3 


[FBIS Translated Text] China has made great strides in 
the prospecting and development of coal-bed gas, and 
the S&T project undertaken by the Huabei Petroleum 
Geology Bureau of the Ministry of Geology and Mineral 
Resources for the “Eighth 5-Year Plan”—the Liulin, 
Shanxi coal-bed gas prospecting and development test 
zone—is in preliminary form. 


Coal-bed gas is an indicator for the accumulation of 
natural gas in coal strata, its main ingredient being 
methane, commonly called coal-bed gas. While it is a 
clean fuel of excellent quality, it is also a serious hazard 
in coal mining. For this reason the development and 
utilization of coal-bed gas can not only turn a hazard into 
a benefit, it can also help to ease the energy crunch and 
reduce pollution in the environment. The development 
and utilization of coal-bed gas has become a hot item 
around the worid. 


China is especially rich in coal-bed gas resources, which 
are about equal in volume to that of natural gas. The 
Ministry of Geology and Mineral Resources began 


experimenting with the prospecting and development in 
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the “Seventh 5-Year Plan”, and the State Planning 
Commission listed the coal-bed gas prospecting and 
development evaluation and selection zone and research 
on engineering S&T and methodology as a key national 
S&T project. The Ministry of Foreign Trade and Eco- 
nomic Cooperation brought in a United Nations deep 
coal-bed gas prospecting aid project. These projects were 
undertaken by the Huabei Petroleum Geology Bureau of 
the Ministry of Geology and Mineral Resources. Since 
early 1991, six wells with depths of 350 to 400 meters 
were set out in the Liulin, Shanxi test zone, and prelim- 
inary findings were that gas was produced in the network 
of small wells. According to national natural gas stan- 
dards, wells with depths below 500 meters will yield a 
daily output of 500 cubic meters of industrial-grade gas, 
but the six wells in the test zone have all exceeded that, 
some reaching rather high levels by international stan- 
dards. The formation of China’s first standard model 
coal-bed gas prospecting and development test zone, and 
the series of S&T results from the geological evaluation 
and selection zone and its engineering methodologies 
will be very important to the progress of prospecting, 
development and utilization of coal-bed gas in China. 


Nation Turns to South Sea for Oil 


40101011A Beijing CHINA DAILY [BUSINESS 
WEEKLY] in English 19 Dec 94 p 6 


[FBIS Transcribed Text] Editor's Note: As China con- 
tinues to experience world-class economic growth, the 
nation is turning up the heat on the search for resources 
to fuel the boom. At the invitation of the China National 
Offshore Oil Corporation, Business Weekly staff 
reporter Lu Hongyong toured key oil sites and files these 
reports from the South China Sea. 


China is vigorously searching for domestic energy sup- 
plies to feed the nation’s rapidly expanding economy. A 
current focus of these efforts is oil beneath South China’s 
Pearl River mouth basin and the Beibu Gulf, expected to 
help fulfill the country’s offshore oil production goal of 
12 million tons by 1997. 


Five offshore oil fields in the Pearl River mouth basin 
and Beibu Gulf are estimated to yield 34.2 million 
barrels of oil this year, 72 percent of China’s total 
offshore oil production. 


That figure doesn’t include oil which began flowing from 
the Xijiang 24-3 field in November. That field, 128 
kilometres southwest of Hong Kong, is expected to 
relinquish 1.36 million tons annually. 


All four current fields in the Pearl River mouth basin are 
jointly developed by China Offshore Oil Nanhai East 
Corporation and foreign oil companies. 


Experts predict that 25 percent of China’s overall oil and 
gas reserves lie offshore. The country aspires to more 
than double its annual offshore oil output to recover 15 
million tons in the run-up to 2000. 
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Nanhai East officials believe another three fields in the 
region will begin recovering oil in a year’s time. 

One of those is Xijiang 30-2, jointly operated by Nanhai 
East, US-based Phillips Petroleum International Corpo- 
ration Asia and Pecten Orient Company 


Another two emerging fields in the 16/08 block are 
contracted to a foreign consortium called ACT operators 


group. 


Nanhai East acting President Qian Fuhao says the cor- 
poration is expecting to produce more than 4 million 
tons of crude oil next year. 


The much-touted Liuhua ! 1-1 oil field is expected to go 
on stream in April 1996 with 20 production wells: its 
crude oil output is expected to hit 2.49 million tons in 
peak years. Verified oil reserves in the block stand at 
over 300 million cubic metres. 

Leading the recovery effort is US petroleum giant 
Amoco, which invested $294 million in the project. 


Nanhai East and an Australian oil company are assessing 
the ninth oil field in the region, Lufeng 22-1. 


The two parties are expected to submit a feasibility 
report or overall development program to the State 
Council by the end of next June or relinquish interest in 
the project. 


As its oil fields double in number, Nanhai East expects 
its overall production to hit 8 million tons in 1998. 


The corporation’s sister entity further west, China Off- 
shore Oil Nanhai West Corporation, is organizing explo- 
ration in the Beibu Gulf, where it is the sole operator of 
three major oil fields. 


Nanhai West’s crude oil output this year is predicted to 
hit 1.1 million tons, up 92 percent from last year. 


Returns from wildcat exploration in three closely linked 
blocks also seem promising. Combined with neighboring 
structures, these blocks cover 20 square kilometers. 


Though Nanhai West is focusing on development of gas 
projects, its 15-year plan calls for an increase in annual 
oil output to 2 million tons per year by the end of the 
next decade. 


Atlantic Richfield Considered Key Player of South 
China Sea 


40101011B Beijing CHINA DAILY [BUSINESS 
WEEKLY] in English 19 Dec 94 p 6 


[Article by Chen Xianghe] 

[FBIS Transcribed Text] Arco China, US-based Atlantic 
Richfield’s China subsidiary, is widely considered to 
have the inside track on a to-be-franchised parcel of 
South China Sea riches. 
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China’s custodian of the region, China National Off- 
shore Oil Corporation (CNOOC), is expected to sign a 
cooperative exploration contract with Arco China for a 
piece of the South China Sea called the 63/20 block. 


The franchise would mark CNOOC’s 100th co-operative 
contract and Arco China’s outstanding luck in exploring 
the area. In a nearby block, it discovered the Yacheng 
13-1 gas field—the largest in China, expected to funnel 
over 100 billion cubic meters of recoverable gas in its 
lifetime. 


Arco tripped on the gas field in 1983 when it was looking 
for oil, but the find only reaily paid off in mid-March of 
1992 when the company found buyers for the gas—Hong 
Kong Utility China Light & Power and Hainan Province. 


China Light & Power ordered an annual gas supply of 2.9 
billion cubic meters at 12 cents per cubic meter for a 
period of 20 years. 


Altogether, Arco has contracted four blocks in the region 
for gas and oil exploration. 


CNOOC is expected to reap a minimum of $3 billion in 
pre-tax profits from the anticipated project, which Arco 
would operate for the first eight years. Custodianship 
would then revert to CNOOC’s China Offshore Nanhai 
West Corporation 


Nanhai West, Arco China and Kuwait Foreign Petro- 
leum Exploration Company have joined in the gas field 
project, which includes two sea-bed pipelines, two off- 
shore platforms and two onshore receiving stations. 


One 28-inch, 775-kilometer gas pipeline links Yacheng 
13-1 wellheads with China Light & Power's new power 
station at Black Point in Kowloon. The other pipeline, 
14 inches in diameter-and designed to transmit both gas 
and liquid, runs 92 kilometers to a Hainan Island shore 
base 42 kilometers west of Sanya City. 


The pipeline te Hong Kong is the first of its kind in the 
eastern part of the South China Sea, able to facilitate 
marketing of natural gas recovered in the region to 
Southeast Asian nations, according to Jan Bass, vice- 
president and project manager of Arco China Inc. 


It’s also the third-longest continuous pipeline in the 
world. 


Fabrication and placement of the two pipelines accounts 
for almost half of the project’s total budget of $1.13 
billion, Bass noted. 


The other half of the budget covers drilling, engineering, 
manufacturing and shipping of the two offshore plat- 
forms and shorebase construction. 


The wellhead platform where rigs of the 12 wells cluster 
was in place by May. Another processing and residential 
platform, now being built at the Sembawang shipyard in 
Singapore, will be installed next May. 
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Slated for per-day gas transmission of 8 million cubic 
meters to Hong Kong and 1.4 million to Hainan, the 
pipelines could provide 10-15 percent additional 
capacity should gas demand grow accordingly. 


And compression stations built along the pipelines could 
double currently planned transmission capacity should 
more discoveries arise in neighbouring blocks. 

Construction workers have started filling the 28-inch 


pipeline with water for pressure tests to detect deformed 
pipes and leakage. 


For now, the project is progressing under budget and 
Arco China’s only concern is that downstream con- 
sumers on Hainan Island won’t be prepared to receive 
the gas they’ve contracted on time. 


But Bass says it’s not that big of a concern. 


“Supply to Hainan is only a small portion of the total 
and we can simply turn off one well if (they’re not 


ready).” 


Over $3 Billion Invested in South China Sea 


40101011C Beijing CHINA DAILY [BUSINESS 
WEEKLY] in English 19 Dec 94 p 6 


[FBIS Transcribed Text] Over $3 billion in foreign funds 
have been plunged deep into the South China Sea since 
1979 in the ongoing search for oil and gas reserves. 


Under the responsibility of the China National Offshore 
Oil Corporation (CNOOC), the efforts have been con- 
ducted through the nation’s two key South China Sea 
players: China Offshore Nanhai East Oil Corporation 
and China Offshore Nanhai West Oil Corporation 


Nanhai East alone has called on 30 foreign oil companies 
to join in the exploration efforts, introducing over $1.5 
billion to the search. 


About two-thirds of that amount has gone to high-risk 
investment leading to 22 major discoveries. Four oil 
fields have gone on stream with four more slated to open 
in late 1995 or early 1996. 


An additional field which Nanhai East expects to tap in 
1997 brings the total to nine. 


Recoverable oil reserves at the nine exploitable discov- 
eries are estimated at 56.73 million tons; projected total 
investment will hit $2.45 billion, of which CNOOC is 
expected to contribute $1.13 billion. 


Nanhai East holds the per capita production record 
among all of CNOOC’s regional companies. 


Its output value was 2.45 million yuan ($288,200) last 
year, with a net profit of 534 million yuan ($62.1 
million) and per capita production value of 2.28 million 
yuan ($265,100). 
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For the State, those numbers have meant some 330 
million yuan ($38.37 million) in government coffers via 
oil exploration tax. 


Nanhai East has been spending 12 percent of its sales 
income to fund high-tech research and application. 


That effort has paid off, slashing oil exploration costs to 
$2.50 a barrel, down 33 percent from projected costs. 


With infrastructure costs fully recovered by late 1993, 
every barrel of oil flowing from the two Huizhou fields 
costs $2.40 to recover but sells for between $16 and $18. 


The price to earnings ratio for the first three oil fields 
was one to 1.4. Nanhai East acting President Qian Fuhao 
adds that his company has invested $337 million in the 
efforts and has raked in $560 million. 


But the Shenzhen-based company is only responsible for 
infrastructure and production. CNOOC, its parent com- 
pany, appoints special sales companies to market the oil, 
which falls to CNOOC every other year and the foreign 
oil companies in-between. With a consensus on pricing, 
parties involved conduct a bidding for buyers. 


Shenzhen, where the company is based, also has a stake 
in Nanhai East’s prosperity. Since 1987, it’s levied 300 
million yuan ($34.88 million) in income tax from foreign 
workers, Qian said. 

Over 300 foreign staff serve oil exploration efforts in the 
Pearl River mouth basin. 


In the exploration stage, 60 to 70 percent of investment 
flows to Chinese companies and local staff. But Qian 
says the story is totally different once development of a 
field begins. Whether simple or sophisticated, literally all 
machines and expertise have to be imported from 


Nanhai East’s sibling under CNOOC, China Offshore 
Nanhai West Oil Corporation, is also attracting hefty 
amounts of foreign funds. 


Since 1979, it has introduced $1.53 billion to uncover 
verified oil reserves of 110 million tons and natural gas 
reserves of 200 billion cubic meters. 


But Nanhai West suffered long-time losses until 1992 
when it for the first time swam out of the red, according 
to company Vice-President Wu Zhenfang. 


He estimates the company’s gross product at 1.58 billion 
yuan ($183.7 million) with projected net income of 310 
million yuan ($30.05 million), over five-fold last year’s. 


The company is now mapping its 15-year plan, focusing 
on building a web of gas fields with an ex inari 
rich gas reserve in the western part of the South China 
Sea as the mainstay. 


Oil Sector Planning Bold Steps 
40101011D Beijing CHINA DAILY in English 
30 Dec 94 p 5 


[Article by Chang Weimin] 

[FBIS Transcribed Text] China will take bold steps to 
attract more foreign funds and technology to accelerate 
petroleum exploration and development in onshore 
areas, senior oil industry officials say. 

Several promising areas have been set aside for foreign 
firms to explore at their own risk next year, Wang Tao, 
president of the China National Petroleum Corporation 
(CNPC), said at a news conference in Beijing on 
Wednesday. 

The areas for a third round of international bidding have 
been approved by the central government, Wang 
announced. 


The CNPC has conducted two previous rounds of bidding. 
The corporation is dividing the areas into contract 
blocks and preparing data packages. 

The bidding will be kicked off at a “suitable” time next 
year, Wang said, adding that more rounds of interna- 
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The CNPC also plans to let foreign companies partici- 
ee eee 
distance pipeline laying and machinery building. 


As for the country’s oil and natural gas operations this 
year, Wang said oil output will total 139.4 million tons, 
0.6 percent more than the target set in the State plan. 


Natural gas output is estimated at 15.9 billion cubic 
meters, 3.2 percent above the State target. 


Daging, China’s largest oil field, will pump 56 million 
tons of oil this year, 600,000 tons more than its target. 


The output means the oil field has kept its annual output 
above 55 million tons for 19 consecutive years. 


The field, which has made major efforts in technical 
progress, is expected to maintain this level of output for 
three more years. 


Between 1998 and 2005, its annual output is projected to 
drop to the 50-million-ton level. 


Shengli, the country’s second largest oil field, will pro- 
duce 30.9 million tons of oil this year, 900,000 tons more 
than State target. It will maintain this level of output 
until the year 2000, Wang said. 


Output at Liaohe, the third largest field, will be 15 
million tons, a rise of 820,000 tons from last year. But 
output is slated to climb to 17 million tons annually 
before the turn of the century as more reserves have been 
discovered there. 


Several major discoveries have been made this year. In 
the northern Tarim basin of the Xinjiang Uygur Auton- 
omous Region, the biggest discovery so far in the desert 
was confirmed. 


Huge reserves also were verified in other Xinjiang basins 
such as Junggar, Turpan-Hami, Santanghu and Yanji. 
Recent discoveries in the northwestern province of 
Shaanxi and in Sichuan, in the southwest are also 


encouraging, Wang said. 

For the first time since 1988, China’s onshore petroleum 
industry turned a profit—more than 25 billion yuan 
($2.9 billion}—thanks to oil price adjustments early this 
year. 

At least 139 million tons of oil and some 16 billion cubic 


meters of natural gas are expected to be produced in 
1995. 


Tarim Gushes Promise 


40101011E Beijing CHINA DAILY in English 
25 Jan 95 p § 


[FBIS Transcribed Text] Oil and gas exploration in the 
Tarim Basin in the Xinjiang Uygur Autonomous Region, 
China’s westernmost region, has proven its worth in 
black gold. 
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In fact, oilfields in the basin already produce some 1.8 
million tons of oil a year. 


The China National Petroleum Corporation (CNPC) 
said it has discovered oil reserves with an annual pro- 
duction capacity of 5 million tons, and natural gas 
deposits possibly greater than 100 billion cubic meters. 


This volume would make the basin the sixth largest 
oilfield in the country and the third most productive in 
natural gas. 


The 560,000-square-kilometer basin was first explored 
extensively in 1989, when China began to seek oil pools 
to replace its aging fields in the eastern provinces. 


Since then, eight complete oilfields, including Lunnan, 
Donghetang, and Tazhong-4, have been located. 


With the development of Tazhong-4, a giant oil pool 
with an estimated yearly production capacity topping 2.5 
million tons, the whole basin is expected to produce 5 
million tons of crude by year-end. 


Extensive natural gas reserves will lead to the construc- 
tion of big gas projects, considered a stimulus to local 
economies around the barren Taklamakan Desert. 


The basin produced 1.95 million tons of crude oil in 
1994, 20 percent more than the previous year. That was 
accomplished even after wells were shut down to help 
ease a growing surplus, caused by insufficient rail trans- 
portation, CNPC said. 


To avoid a repeat of the closures, six giant oil tanks, each 
holding up to 50,000 cubic meters, are now under 
construction in the Tarim. 


In order to catch up with oil and gas exploration in the 
rest of the world, more advanced technology, manage- 
ment, and competitive methods have been applied to 
bolster efficiency, CNPC added. 


It gave as an example the 21 workers now being 
employed to oversee the entire crude production in the 
newly-built Donghetang oilfield, whose capacity is 
600,000 tons a year. 


Without the advanced technology, more workers would 
usually be needed for such a capacity. 


Meanwhile, a 295-kilometer highway is being built 
across the Taklamakan. The first segment, from the 
Lunnan oilfield north of the desert, to Tazhong-4 in the 
middle, was finished last July. 


The second segment, extending 235 kilometers to the 
southern rim of the desert, is expected to be completed in 
September. 


(Xinhua) 
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Triton To Begin Oil Exploration 
4010101 1F Beijing CHINA DAILY in English 9 Feb 95 p 5 


[Article by Liu Weiling and Ren Kan] 


{[FBIS Transcribed Text] U.S. oil company, Triton 
Energy Corporation, yesterday got the nod from China 
to start exploration in the South China Sea. 


An agreement signed between the American firm and the 
China National Offshore Oil Corporation (CNOOC) 
allows Triton to explore a 3,200-square-kilometer block 
in the Pearl River mouth. The area is 175 kilometers 
southeast of Hong Kong with water 100 to 200 meters 


deep 


Experts have high hopes of finding oil deposits in the 
area, in part because of active oil fields surrounding the 
selected block. 


West of the area two oil fields are already in operation, 
and another two are under construction. 


The Xijiang 24-3 oil field, which has been put into 
production, and the Xijiang 30-2 oil field, which is 
expected to go to operation by the end of this year, are 
also located west to the block selected for development. 


Meanwhile, to the area’s southeast is the Liuhua 11-1 oil 
field, the largest oil field in the South China Sea with 
explored oil reserves surpassing 150 million tons. 
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“Both Chinese and foreign experts believe the block is 
located in an ideal geological position and has good 
prospects for exploration,” said an official with the 
CNOOC. 


According to the agreement, Triton will shoulder all risks 
in the exploration, which is expected to begin in April. 
Drilling should begin by the end of this year. The 
company is expected to invest $7.5 million in the block 
of land over the next three years. 


This is the second oil exploration agreement signed this 
year by the CNOOC and the first contract clinched by 
the US company. 


“We are honoured and feel privileged to work with the 
CNOOC in the vital and exciting business of oil and gas 
exploration,” said Thomas G. Finck, Triton president 
and chief executive officer. 


He said the contract is the first of many projects on 
which the company plans to work with China. 


“This is the beginning of at least 50 years of co-operation 
with Chinese partners,” he said, “our company’s activi- 
ties in China will increase dramatically in the future.” 


He said China represents some of the greatest opportu- 
nities in oil exploration and production in the world, and 
the company will continue to pursue them vigorously. 
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He disclosed that the company has considered many 
plans for potential cooperation with Chinese partners, 
but he declined to tell details. 

“We are looking for large oil and gas reserves,” he added. 


Finck said this agreement with China also reasserts the 
company’s strategy to focus on high-return oil and gas 
endeavours for its shareholders. 
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The Dallas-based Triton Energy is an international! oil 
and gas exploration company primarily focused on high- 
potential prospects around the world. 


Since its founding in 1962, Triton has been active on six 
continents and has participated in the discovery of more 
than 3 billion barrels of oil and 10,000 billion cubic feet 
of gas. 








This report may contain copyrighted material. Copying and dissemination 
is prohibited without permission of the copyright owners. 














JPRS-CST-95-004 
17 March 1995 


— Distribution Study of Nuclear 


946B0166A Shanghai DONGLI GONGCHENG 
[POWER ENGINEERING] in Chinese 
Vol 14 No 3, Jun 94 pp 49-56 


{Abstract of article by Li Sufen [2621 4790 5358], Xu 
Shiming [1776 0013 7686] and Cui E [1508 1494] of 
Dalian Institute of Technology, and Xu Jiming [1776 
0644 2494] and Huang Zhengyu [7806 2973 0151] of 
Beijing Institute of Nuclear Engineering and Design: 
“System Distribution Study of Triple-Loop Nuclear 
Cogeneration’’] 


{FBIS Abstract] Specifically with reference to the char- 
acteristics of nuclear cogeneration, the physical and 
steam distribution model of a triple-loop system are 
studied. On the basis of theory of perfection on energy 
analysis, an optimal steam distribution scheme is deter- 
mined. Calculations are done on the theoretical design 
and the steam distribution scheme. 


Because radioactive materials from the primary loop can 
easily penetrate into the secondary steam loop, a nuclear 
power plant cannot supply heat to end users directly 
from the exhaust of the turbine. A third loop is required 
for a cogeneration system. In principle, a triple-loop 
system ought to be able to simultaneously provide steam 
of different parameters. However, it cannot be realized 
as a conventional thermal power plant. The heat-supply 
system must be considered with the three loops as a 
whole due to safety concerns. In this paper, heat is 
supplied by the three loops independently. Each loop 
provides a set of steam parameters. 


A triple-loop model is established. Each loop is further 
divided into two subsystems, i.e., a high-temperature 
subsystem before and including the deoxygenator and a 
low-temperature subsystem after the deoxygenator. 
Steam distribution models were set up for both 
subsystems. 


An energy analysis on the basis of the first and second 
law of thermodynamics is used. Compared to the 
thermal equilibrium method, it can quantitatively point 
out the degree of imperfection and also can accurately 
compute the efficiency of a complex circulating system. 
In this case, a black-box network model is employed for 
the analysis. 


Optimization of steam distribution is a multi-variable 
optimization problem which is too difficult to solve. In 
this work, the thermodynamic design of the triple-loop 
system is used to simplify the target function. On this 
basis, the steam distribution plan corresponding to L,, = 
Ly min iS Chosen using a computer program. 


The model is applied to a 4 x HTR-Module nuclear 
cogeneration plant. The results show that most of the 
steam goes to the evaporator in each loop. This is 
because the evaporator not only supplies steam for 
industrial production but also is consumed to remove 
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oxygen. On the basis of energy analysis, most of the heat 
loss takes place at the evaporator and number 2 heater. 


In conclusion, the nuclear cogeneration power plant 
designed in this work is found to be feasible. Because 
three loops are used, it is inherently safe. The model with 
a high-temperature subsystem and a low-temperature 
subsystem, with and without steam distribution, and 
branching is a success. An optimal steam distribution 
scheme is chosen on the basis of energy analysis. Finally, 
the study of nuclear cogeneration is an important 
peaceful application of nuclear power. It will be very 
valuable to the nuclear cogeneration industry in China. 


5 Figures, 2 Tables. References: 5 Chinese, | English. 


Inherently Safe UZrHx Power Reactor 
INSURE-100 Preliminary Research 


956B0010A HE DONGLI GONGCHENG [NUCLEAR 
POWER ENGINEERING] in Chinese Vol 15 No 4, Aug 94 
pp 289-293, 302 


[Article by Chen Shulin [7115 3219 2651], Leng Guijun 
(0397 6311 0689}, Zhang Senru [1728 2773 1172), 
Cheng Heping [4453 0735 1627], Li Dongsheng [2661 
2639 3932], Zhao Wei [6392 0251], and Liao Wei [1675 
5898] of Nuclear Power Institute of China: “Inherently 
Safe UZrHx Power Reactor INSURE-100 Preliminary 
Research”’; MS received 13 Dec 93, revised 2 Mar 94] 


[FBIS Translated Text] UZrH, has a very large instan- 
taneous negative temperature coefficient. The 1|00OMW 
UZrH, reactor presented in this paper, i.e., the 
INSURE-100, is such a reactor that makes this unique 
feature a reality. It employs an integrated layout. 
Residual heat is removed by passive natural circulation. 
The prospect is very bright for such an inherently safe 
reactor. It is ideal for heat-electricity cogeneration. Pres- 
ently, China has the technology to produce UZrH, fuel 
elements and it is being used on the first pulsed reactor 
at NPIC. 


Key words: UZrH, reactor, integrated reactor, passive 
safety, natural circulation, heat-electricity cogeneration. 


1. Introduction 


Because of safety concerns regarding existing reactors, 
nuclear power has not grown for some time. Existing 
nuclear reactors have two major potential safety related 
problems. First, the core power density is very high 
(approximately !00kW/L) and the fuel element has lim- 
ited thermal capacity. Therefore, if the heat cannot be 
effectively removed from the core, a meltdown occurs. 
This happened at Three Mile Island. Second, the max- 
imum backup reactivity of the core is too high (approx- 
imately 0.2). In the event of an incident that the core 
operates under super critical condition, the power would 
surge abruptly which eventually burns it down. In order 
to improve the safety and reliability of nuclear reactors, 
research activities are primarily focused on the develop- 
ment of passive safety devices which rely upon certain 
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natural phenomena and reactor cores that have a large 
instantaneous negative temperature coefficient. The 
latest available reactors include the improved AP-600 
pressurized water reactor by Westinghouse,' the inte- 
grated SIR reactor by RRA in the United Kingdom, the 
ATET-150 and VPBER-600? by the former Soviet 
Union, the PIUS reactor by ASF-A-ATOM of Sweden, ' 
the UZrH, TRIGA reactor by GA, and the modular 
high-temperature gas-cooled MHTGR reactor.’ With the 
exceptior of the high-temperature gas-cooled reactor, 
other models have not been able to completely eliminate 
both safety concerns simultaneously. 


The design of an inherently safe integrated UZrH, 
reactor, i.e., the INSURE-100, was conceived following 
the line of thinking mentioned above. Some preliminary 
results are presented in this paper. 


2. Reactor Layout 


The entire circulation system is enclosed in a pressure 
vessel which is approximately 8.5 m high and 3.0 m in 
inner diameter. The top is a pressure stabilizer which 
holds approximately 9 cubic m in volume. Twenty 
direct-flow jacketed steam generators are placed at the 
upper half of the loop. The reactor core is located at the 
bottom of the pressure vessel. The top of the core is 1.25 
m away from the bottom of the steam generator. This is 
to reduce radiation damage to the steam generator. 


Since an integrated layout is used, there is no pipe in the 
primary loop. All pipes go through the upper half of the 
pressure vessel. Structurally, this eliminates all proba- 
bility of water loss due to a fractured pipe. Furthermore, 
there is more at the top of the core. This further reduces 
the probability of having an exposed core. Figure | 
shows the reactor core layout. 


3. Major Design Parameters and Components 


3.1 Thermodynamic Design 


The reactor employs an integrated layout and is designed 
to operate at 7.063 MPa. Although there is only a small 
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Figure 1. Reactor Core Layout 



































amount of steam at the core outlet, it has a high tolerance 
to cavitation. Natural circulation in the primary loop is 
created by the density difference of the cooling water in 
the loop. There is no need for an active coolant circu- 
lating pump. Hence, pump failure is not an issue with 
this system, which significantly enhances the safety of 
the reactor. Because the core has a high steam content, 
flow restrictors are installed at the inlet and outlet of the 
core to further stabilize the flow. Table | shows all major 
thermodynamic parameters of the reactor. 





Table 1. Major Thermodynamic Parameters 






































Parameter Plan I Plan II 
Reactor power /MW 100 150 
Pressure stabilizer pressure /MPa 7.063 7.063 
Total coolant flow rate /t-h”! 1300 1560 
Core inlet/outlet temperature /°C 286/235 286/235 
MDNBR 3.24 2.25 
Maximum core temperature °C 426.7 490.7 
Mean volumetric power density /kW-L"' 28.7 43.04 
Core height /m 1.5 1.5 
Equivalent core diameter /m 1.72 1.72 
Core flux area /m? 1.086 1.086 
Core heat transfer area /m* 485.7 485.7 
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Table 1. Major Thermodynamic Parameters (Continued) 
Parameter Plan | Pian Il 
Core inlet water speed /m-s"! 0.402 0.604 
Steam content by mass in rising section /% 1.0 4.7 
Rising section cavitation tolerance /% 16.5 50.1 
Total volume on primary side /m? Up to 46.0 Up to 46.0 
Weight of water on primary side /kg Up to 28238 Up to 28238 
Pressure stabilizer volume /m? Up to 9.0 Up to 9.0 
Steam pressure on secondary side /MPa 2.943 2.943 
Steam production rate on secondary side /kg s! 43.9 65.85 
Steam temperature on secondary side °C 263.84 263.84 
Feed water temperature on secondary side /“C 150.0 150.0 
S.G. flow area on primary side im 0.907 0.907 
S.G. pressure drop on primary side /MPa 0.00603 0.0145 
S.G. heat transfer area /m* 1433.3 - 
Nominal heat exchanger power /MW 4.0 6.0 











3.2 Physical Design 


Zirconium hydride is used as the moderating medium. It 
is mixed with uranium to form UZrH, fuel rods. The 
core has a very high instantaneous negative temperature 
coefficient, approximately two times higher than that of 
UO,. When the core undergoes a positive step reaction, 
reactor power and fuel temperature would rise steeply. 
The temperature of zirconium hydride will also rise 
accordingly. This transient temperature effect will pro- 
duce a negative reaction in the core. Moreover, the 
higher the temperature is, the more the negative reaction 
becomes to allow the core to return to its normal 
operating state in time. 


The maximum reserve reactivity of the core can be 
controlled at approximately 0.06 by adding a suitable 
amount of reactive poison into the fuel without jeopar- 
— the fuel replacement cycle. Consequently, it is 
possible to use the transient negative reactivity of the 
fuel to completely neutralize the effect due to the release 
of reserve reactivity during an incident. Hence, the 
reactor becomes inherently safe because all potential 
deleterious effects are eliminated. Preliminary results 
showed that the negative reaction introduced by the fuel 
at 1000°C could completely neutralize the positive reac- 
tion induced by the maximum reserve reactivity. In this 
case, the temperature of UZrH, is still below its melting 
point (1810 +/- 25°C). Table 2 shows its major physical 
parameters. 





Table 2. Major Physical Design Parameters 















































Parameter Value 
Fission power /MW 100 
Core life /EFPD $00 
Reserve reactivity / AK/K) 6.5.x 104 
Total contro! rod equivalence /((AK/K) 14.2 x 10° 
Fuel transient temperature coefficient /(AK/K) c! -6.02 x 10° 
Water temperature coefficient (AK/K) c! ~5.22 x 104 
235U weight /kg 168.9 
Z3BU weight /kg 675.6 
Maximum fuel consumption rate MW-d-t"! 7.17 x 10° 
Mean fuel consumption rate /MW-d-t"! -5.5 x 104 
Abundance of *°U /% 20.0 
Uranium content by weight /% 10.04 
UZrH, density /g-cm™> 6.0 
Number of fuel elements /rods 7524 
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3.3 Core Layout 


The reactor has 97 elements and the layout is shown in 
Figure 2. The 24 elements around the outside and 37 
elements containing control rods have no consumable 
poison. The remaining 36 elements have a suitable 
amount of poison, such as Er or Cd, added. The selection 
of type and amount of poison not only affects reserve 
reactivity but also has an impact on fuel consumption 
rate and fuel replacement cycle. This is a key technology. 
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Figure 2. Core Layout 














3.4 Fuel Assembly 


The fuel element is a 12.8-mm-diameter UZrH, cyl- 
inder. It is encapsulated in an 13.7 x 0.4 mm cylinder 
made of 800H alloy or an equivalent material which is 
filled with argon. The active length of the fuel rod is 1.5 
m long. In order to have an even flow of the coolant and 
to better support the elements, a 9x9 square fuel 
assembly is used. Control rods can be placed in nine 
positions. The assembly has a cross section of 155.1 mm 
x 155.1 mm and the wall thickness is 1.5 mm. It is made 
of Zr-4 alloy. Axially, there are three support levels. 


3.5 Steam Generator 


To implement the integrated design, a direct-flow jack- 
eted steam generator is chosen. This type of steam 
generator is compact and space efficient. The pipe is 
made of Type 7M titanium alloy which weighs much less 
than stainless steel (the density of titanium is 4.5 t/m* 
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and that of stainless steel is 8.0 t/m’). It also has excellent 
corrosion resistance and long lifetime and does not 
require high quality water. The primary water flows 
through the outer jacket and the inner pipe. The sec- 
ondary water flows through the loop formed by the inner 
and outer pipes. Because of a unique manufacturing 
technique, the pressure drop on the primary side is very 
small. This certainly makes natural circulation easier. 
Spiral ribs 0.4-mm high are placed on the outside surface 
of the outer tube to enhance heat transfer, as well as to 
keep the spacing between tubes. Table 3 shows the 
parameters of this steam generator. 





Table 3. Parameters of the Direct Flow Steam Generator 









































Parameter Value 

Power /MW 100 

Number of units 20 
Operating pressure on primary 7.063 

side /MPa 

Operating pressure on secondary 2.943 

side /MPa 

Number of heat transfer tubes 2x 750 

(each unit) 

Outer tube dimension /mm 13 diameter x 1.5 length 
Inner tube dimension /mm 8 diameter x 1.0 length 
Effective tube length /m 1.5 

Heat transfer area /m“ 1433.3 
Pressure drop on primary side <0.00603 

/MPa 

3.6 Control Rod Drive Mechanism 


A hydraulic step motor mechanism is used to drive the 
control rods. Such a mechanism is being used on the 
5MW reactor for heat generation at Qinghua University. 
It is highly reliable.‘ 


4. Safety Equipment 


4.1 Double Wall Pressure Vessel 


A double jacket pressure vessel approach, i.e., adding 
another outer steel jacket to a pressure vessel, is adopted to 
ensure core safety. The space between the two walls is 
deliberately made small. In this design, even when the inside 
pressure vessel cracks and primary loop water fills the outer 
vessel, the water level will still be high enough to keep the 
core submerged. Figure 3 shows the specific arrangement. 


4.2 Safety Injection Vessel 


The safety injection vessel is filled with boron- 
containing water at a pressure of 5.0 MPa. Upon loss of 
water, when the pressure falls to below a certain limit, it 
will inject this boron-containing water into the 
descending section of the pressure vessel. It is a passive 
safety device which is highly reliable. The layout is also 
shown in Figure 3. 
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Figure 3. Reactor Diagram 





4.3 Pressure Suppressing Vessel 


The pressure suppressing vessel is placed at a high point 
and contains a large amount of water. Its function is to 
suppress any excessive pressure rise when high- 
temperature and high-pressure water and steam in the 
primary loop leak into the outer steel wall after the 
pressure vessel fails. As a second function, it is a cold 
source to remove residual heat. The third function is to 
serve as a low-pressure safety injection system. Upon 
loss of water, the valve between the top of the pressure 
suppressing valve and the pressure stabilizer opens up to 
further relieve the pressure in the reactor. At the same 
time, the valve on the bottom to the safety injection 
vessel also opens to inject water into the reactor by 
gravity to ensure the long-term cooling of the core. Since 
it contains a large amount of water, it can last for quite 
some time. Its layout is also shown in Figure 3. 


4.4 Removal of Residual Heat 


Two independent natural circulation systems are used to 
remove residual heat from the core. One is connected to 
the secondary side of the main steam generator and it is 
a natural circulation air-cooled system. The other heat 
exchange is located in the pressure vessel above the main 
steam generator. It cools the core by transferring heat to 
the water in the pressure suppressing vessel. 
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5. Incident Analysis 


5.1 Power Blackout 


When the entire plant is blacked out, the main pump on 
the secondary side of the steam generator shuts down. 
Residual core heat can only be removed by the two 
natural circulation heat exchange systems. According to 
a preliminary analysis, this is adequate to meet all safety 
requirements. During the entire incident, no DNB of the 
core would occur. 


5.2 ATWS Incident 


When the core shutdown system fails, because of its high 
negative temperature coefficient, the core power will fall 
automatically. It will remain at a relatively low-power 
level. Despite repeated opening of the pressure stabilizer 
valve to discharge steam and water due to rising pres- 
sure, the core will not be exposed in 60 hours even 
without any manual intervention because the pressure 
vessei contains a large quantity of water. No DNB would 
occur during the course of the entire incident either. 


6. Conclusions 


INSURE-100, an integrated UZrH, reactor, is inherently 
safe. Its primary features include low core power density 
and an integrated layout which minimizes the amount of 
plumbing required. Furthermore, the diameter of the 
pipe used is relatively small. Hence, no serious loss of 
water would occur. In addition, because of its high 
transient negative temperature coefficient, it will not 
cause serious consequences as a result of an accident. In 
conclusion, in any event, the residual core heat can be 
removed by way of passive circulation and no meltdown 
of the core will occur. Therefore, the reactor is consid- 
ered to be inherently safe. 


This reactor can be used for heat and electricity cogen- 
eration. In addition to remote areas, it can also be built 
in heavily populated regions. Due to its inherent safety, 
it is also ultimately economic to build and operate. 
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[FBIS Translated Text] A preliminary thermal hydraulic 
design for the He-cooled liquid Li (LLi) tritium breeder 
blanket of a Tokamak Engineering Test Breeder, TETB- 
Ill, is completed. Two tritium transport schemes have 
been investigated. In addition, a computer program is 
used to calculate the temperature field between the 
primary wall and the blanket and to optimize the 
thermal hydraulic parameters. Our analysis shows that 
although He gas has a much lower thermal conductivity 
and density compared to those of a liquid metal coolant, 
it is still possible to operate the core at a pressure as low 
as 2.0 MPa. Furthermore, the thermal hydraulic param- 
eters of the blanket can meet all design requirements. 


Key Words: tritium breeder blanket, self-cooled blanket, 
heat transfer coefficient. 


1. Introduction 


Studies'-* done on various aspects of the LLi self-cooling 
blanket of a TETB, including thermal hydraulic design, 
MHD pressure drop calculation, and LOCA and LOFA 
safety analysis, show that certain key issues associated 
with the LLi self-cooling blanket, such as MHD pressure 
drop and safety, could be resolved by careful design. On 
the basis of the design for TETB-II, a study was launched 
to design a He-cooled blanket. He was chosen as the 
coolant because it is an inert gas that is compatible with 
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any solid breeder materials (e.g., Li,O, LiAlO,, 
Li,ZrO,), liquid metals (e.g., Li, Li, ,Pb,,) and structural 
materials. BCSS studies recommended the use of 
He/Li,0 as the first choice for the TETB blanket and the 
use of He/LLi as the first choice for a gas-cooled liquid 
metal blanket. The use of He/Li,O as the blanket for 
TETB-III imposes a great deal of limitations on its 
thermal hydraulic, structure and neutron design. This 
will severely affect the breeding of tritium by neutron 
and the breeding property of fission fuel. Therefore, a 
He-cooled LLi tritium breeder blanket is chosen so that 
its thermal hydraulic and neutron design can meet the 
overall design objectives for TETB-III. 


2. Consideration for He-Cooled LLi Blanket 


2.1 Tritium Transport Schemes 


Despite the fact that LLi has excellent tritium breeding 
and heat transfer characteristics, it is nevertheless an 
excellent conductor which produces a MHD effect under 
the influence of a magnetic field. Furthermore, fast 
flowing LLi also causes considerable corrosion to the 
structural materials. In the design of the LLi self-cooling 
blanket, MHD pressure drop and material compatibility 
still remain unresolved. Compared to the LLi self- 
cooling blanket, MHD and material compatibility prob- 
lems are much easier to solve for a He-cooled LLi tritium 
breeder blanket. The liquid lithium in the blanket is 
primarily used to produce and carry tritium. In addition, 
the LLi in the breeder blanket is also a good heat transfer 
medium. Heat is transferred from the Be and U beads 
immersed in the LLi to the LLi and then transferred 
from the LLi to the cooling wall. It is then exchanged 
across the wall to the He coolant. The LLi in the breeder 
may either be stationary or may be flowing at a slow rate. 
The choice depends upon how tritium is going to be 
extracted. If tritium is going to be extracted continuously 
in the LLi loop, then LLi should be circulating at a very 
slow rate to carry the tritium out of the blanket. This 
slow flow is also helpful from thermal hydraulic and 
safety concerns. It has a secondary cooling effect on the 
blanket. LLi may circulate at a low pressure, low tem- 
perature and low rate. The probability of an incident for 
such a LLi loop is extremely small. Even when the 
primary He loop operates normally, the circulation of 
LLi can still carry some heat out of the breeder. When 
LOCA and LOFA take place in the He primary loop, the 
circulating tritium-carrying LLi loop can potentially 
protect the system. An estimate shows that residual heat 
in the blanket can be removed without increasing the 
circulating rate of the LLi. If tritium is extracted period- 
ically, then LLi may remain stationary in the blanket. 
This scheme may be structurally simpler than the first 
approach. There is no need for a tritium loop. LLi is 
placed in a storage container when tritium is to be 
extracted. Obviously, continuous on-line extraction of 
tritium is more advantageous than periodic tritium 
extraction. 
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2.2 Temperature and Pressure Drop Limits 


Since LLi only serves as a tritium carrier and is either 
flowing at a !ow rate or stationary inside the blanket, 
corrosion of structural materials is a much more manage- 
able problem then an LLi self-cooling blanket. Due to a 
lack of LLi corrosion data, the data recommended by 
BCSS for LiPb is used as a reference. On this basis, the 
compatible temperature limits between LLi and 316SS are 
set at 575°C and 495°C for stationary and low flow (v = 
0.05 m/s) conditions, respectively. Since LLi is less corro- 
sive than LiPb, the limits chosen are on the conservative 
side. 


In order to minimize the power loss of He in the blanket, 
it is very important to have a design that has a low 
coolant pressure drop and a low-power He recirculation 
system. For a commercial reactor, the designer often 
pursues better economic outcome by choosing higher 
thermal hydraulic parameters for the main cooling 
system. For instance, the He inlet pressure is often at 
5-12 MPa in order to lower the coolant circulation 
requirement. This leads to a lower flow rate and smaller 
pressure drop and less power required to circulate He. Of 
course, coolant inlet temperature and coolant tempera- 
ture rise, AT(T,,,,-T;,), are also key parameters. For 
TETB-III, reactor safety is the top priority when its 
thermal hydraulic parameters are chosen. Since forced 
convection heat-exchange coefficient is a strong function 
of He density and flow rate, low inlet pressure will result 
in lower coolant density and convection heat-exchange 
coefficient. This is detrimenta! to the heat exchange 
between the blanket and the primary wall. In order to 
achieve a higher convection heat-exchange coefficient at 
lower operating pressure, in reference to the BSCC 
design, the He coolant inlet pressure range is chosen to 
be 2.0-4.0 MPa and the He inlct temperature is 250°C. 


3. Blanket Structure and Cooling Scheme 


Figure | shows the structure of the He-cooled LLi 
tritium breeder blanket and the flow pattern of the He 
coolant in TETB-III. The blanket consists of five layers. 
Layers 1, 2 and 3 are Be, U bead and LLi breeder zones 
of different volumetric percentages to produce not only 
tritium but also fuel. The fourth layer is an LLi layer and 
the fifth layer is a stainless steel layer. The He coolant 
also passes through five layers to provide cooling for the 
primary wall and the breeder blanket. Two inlet tubes, 
10.0 cm in radius, enter the blanket from the rear. After 
entering the main manifold, He is divided into five 
branches between the primary wall and the breeder and 
then flows out from the other side of the wall. The 
distribution of the flow is determined by the thermal flux 
of the primary wall and the blanket. In order to avoid or 
minimize local pressure drop due to an abrupt cross- 
section change, the entire cooling channel has a rectan- 
gular cross section of 0.8 x 1.0 cm’. 





LLLLLLSSLLLLLL 

















4. Thermal Hydraulic 


4.1 Thermal Analysis 


The key parameter in the thermal hydraulic analysis of 
the primary wall and the blanket is the convection 
heat-exchange coefficient. The Nusselt number for He 
flowing along a smooth tube is as follows: 


Nu = 0.023 Reo oP re? oon. ccecececscscecseseeecessnseneaees (1) 


where Re and Pr are the Reynolds number and Prandtl 
number of He, respectively. The density of He, p (kg/m’), 
is a strong function of pressure and temperature,‘ i.c.. 


p= (2) 
RT + pB(t) 


where p is the coolant pressure in pascals, R is the ideal 
gas constant, and T is the temperature of He in K, and 
B(T) is a fitting index which is a function of temperature 
and can be expressed as: 


: 





Cc Cc 
' 1-C7 1+¢.7 ©) 


where C, = 9.48943E-4 m°/kg, C, = 9.528079E-4 m*/kg, 
C, = 3.42068E-2 K"', C, = 2.73947E-3 m°/kg, and C, = 
9.40912E-4 K"'. 


The convection heat-exchange coefficient is 


where k is the thermal conductivity of He and D, is the 
thermal hydraulic equivalent diameter in m. 


Heat exchange of He on a solid surface by convection 
obeys Newton’s law of cooling, i.e., 


OD BG lB i iccscccccenssercnsersecnsccssensessnsscentecesscsores (5) 
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where F is the heat exchange area in m?, T,, and T, are 
wall and He coolant temperatures in K, respectively. The 
thermal transport capacity of the coolant is 


Q =p (T, Pp) CW(Tow - Tin)-. (6) 


Equation (5) suggests that convection heat-exchange 
coefficient H is the key parameter determining the heat 
exchange between the solid surface and the He coolant. 
The thermal transport capacity of the coolant, however, 
is a function of its density, flow rate and temperature 
rise. These parameters were chosen in the optimization. 
In addition, iterations were done using such relevant 
parameters in the computation of the temperature field 
of the blanket using the finite element program AYER. 


4.2 Drag Computation 


LLi is being circulated at a slow rate in the tritium loop. 
It is being influenced by a perpendicular magnetic field 
in the cooling channel on the side wall and in the 
manifold. Because the flow rate is extremely low (v < 
0.05 m/s), its MHD pressure drop is expected to be very 
small. 


The pressure drop of He is primarily due to friction Ap,, 
acceleration Ap,, and local effect Ap. The equations are 
as follows. 





D 2. (7) 


are the density and average density of the coolant in 
kg/m’, v and 


v 


are the flow rate and mean flow rate of the coolant in m/s, L 
and D, are the length and equivalent diameter of the fluid 
path in m, and f and € are the friction coefficient and local 


drag coefficient, respectively. 


5. Results 


Table | shows the calculated results of the major theri.ial 
hydraulic parameters for the He-cooled LLi breeder 
blanket for TETB-III. 
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Table 1. Thermal Hydraulic Parameters of He-Cooled 

LLi Breeder Blanket of TETB-III 
Parameter Scheme I Scheme 2 
He inlet pressure, MPa 40 2.0 
Coolant inlet/outlet temperature, “C 250/390 250/360 
Primary wall coolant flow rate 33 80 
(max/min), m/s 
Blanket coolant flow rate, m/s 0.5/45 1.0/90 
Coolant flow rate in each layer, m/s 5.16 11.26 
- re, primary wall temperature, $25 485 
Maximum primary wall CFC tile $53 $13 
temperature, °C 
Maximum first breeder zone 430 417 
temperature, “C 
Maximum second breeder zone 575 567 
temperature, “C 
Maximum third breeder zone 560 515 
temperature, “C 
He pressure drop across blanket, kPa 22.85 $2.80 
eae power per module, 120.0 594 
Total He circulation power, MW 4.32 21.4 
Percent of He circulation power to 1.0 4.8 
overall blanket thermal power, % 
Fusion power, MW 200 200 
Blanket energy multiplier factor 3.49 3.49 
Blanket thermal power, MW 375 375 
Surface heat flux, MW/m 0.25 0.25 
Maximum surface heat flux, MW/m2 0.4 0.4 
Primary wall CFC tile thickness, cm 1.0 1.0 
Primary wall cooling channel wall 0.3 0.3 
thickness, cm 











From Table 1, the inlet pressure of He is chosen to be 4.0 
MPa and 2.0 MPa, respectively. When the He inlet temper- 
ature is 250°C, the thermal hydraulic parameters of the 
blanket can meet both the temperature compatibility and 
He circulation power limits. The temperatures at a number 
of special positions, such as the maximum CFC tile temper- 
ature on the primary wall, the maximum primary wall 
temperature and the maximum breeder temperature, can be 
regulated by controlling tritium. From the standpoint of 
reactor safety, it is better to set He inlet pressure at 2.0 MPa. 
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[FBIS Translated Text] Abstract An analysis on the 
calculation of two-phase flow drag and heat transfer is 
discussed in this paper. Furthermore, problems on our 
nuclear power plant steam generator are pointed out 
based on the current status of research in the area. 
Furthermore, some recommendations are presented. 


Key words: two-phase drag, boiling heat transfer, 
thermal hydraulic analysis program, full working condi- 
tion experiment. 


1. Introduction 


The steam generator is a key piece of equipment in a 
nuclear power plant that causes most incidents. In 1977 
alone, among the 79 pressurized water reactor power 
plants in operation, 34 of them encountered a broken 
heat transfer tube incident in the steam generator.’ In 
addition, according to an IAEA report, from 1975 
through 1988, unplanned shutdown caused by steam 
generator failure is responsible for a loss of 1.35 x 10'' 
kWh of power. Operating experience gathered abroad 
shows that existing steam generators cannot meet the 
40-year lifetime specification. Only 50 percent of the 
steam generators lasted for 20 years. Hence, they must be 
replaced. Our data shows that more than 30 units will 
have to replace their steam generators between 1995 and 
2000. According to a report released by Surry-2, each 
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steam generator to be replaced may cause a loss of 
100-300 million dollars. In view of the severity of the 
situation, improvement of the steam generator is 
becoming a key focal point in perfecting the pressurized 
water reactor in many countries. The following is a 
discussion of several problems encountered in the design 
and research of the steam generator. 


2. Two-Phase Flow Drag 


The two-phase flow on the secondary side of the steam 
generator can significantly alter the flow and heat 
transfer characteristics of the working medium which 
has a major impact on the safety and reliability of the 
steam generator. Therefore, fluid dynamics becomes an 
important subject in the research and design of a steam 
generator. 


Currently, most two-phase flow computations are done 
using the Lockhart-Martinelli (L-M) equation and the 
Thom equation.'> For example, the two-phase drag 
calculation for the SM-2 steam generator is primarily 
based on the L-M equation.*° This equation is also being 
used in China. This approach results in larger error for 
the following reasons: 1) The L-M equation was derived 
on the basis of experimental data acquired with air and 
certain liquids flowing in a horizontal pipe at a constant 
pressure. It only applies to a situation where a binary 
mixture is flowing in a horizontal pipe at below 9.81 x 
10* pascals and cannot be employed for a high pressure 
system. 2) The L-M equation is only applicable to 
two-phase isothermal flow in a channel that is not 
heated. 3) The Thom equation, which was derived from 
the L-M equation, is generally considered to be inaccu- 
rate at high pressures. Nevertheless, the Thom equation 
can only be used to calculate a two-phase flow when the 
channel is either unheated or is heated uniformly. 
Apparently, it is limited. 4) These equations have 
another major weakness. They do not take mass flow 
rate, mass changes during boiling, and surface tension 
into consideration. In the past several decades, a great 
deal of work has been done on two-phase flow pressure 
drop’: 


(1) Baroczy (1965) successfully linked frictional pres- 
sure drop to pressure, mass flow rate, steam content 
and working medium characteristics. 


(2) Chisholm (1973) presented an even broader empir- 
ical curve which covers the entire Baroczy equation. 


(3) After comparing various available equations to 
25,000 experimental data points by Friedel (1979), 
the dimensionless Friedel equation was introduced. 


(4) After taking the interaction between the two phases 
and the effect of mass flow into account, the Whalley 
algorithm was presented in 1980. 
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(5) A method to calculate two-phase drag was developed by 
Lin Zonghu [2651 1350 5706] and Chen Lixun [7115 
4539 8113}.” Its results agree well with experimental 
data, especially at high and ultra-high pressure. 

Because of the lack of a specific model to describe 

two-phase flow, equations used to calculate such pres- 

sure drop are usually less precise. In addition, processing 
of experimental data is usually complicated by the use of 
different equations to calculate the percent of void and 
the use of different experimental data and the results are 
usually unsatisfactory. To this end, more effort should 
focus on study of a model to describe two-phase flow. In 
particular, a satisfactory thermal hydraulic flow pattern 
needs to be established to conduct the calculation. Under 
the present circumstances, the author suggests using the 

Whalley equation to calculate the two-phase pressure 

drop caused by frictional drag in a steam generator. 


3. Two-Phase Flow Heat Exchange in Steam Generator 


The water on the secondary side of a steam generator 
passes through a preheating zone and a boiling zone. As 
far as the two-phase heat exchange in the boiling zone is 
concerned, usually a large space nucleation boiling heat 
exchange equation for engineering use, such as the 
Jens-Lottes equation, Thom equation, Rohsenow equa- 
tion, or Kutateracze equation, is employed. It is gener- 
ally believed that the typical mean thermal load of a 
steam generator is 0.565 - 2.26 x 10° W/m’, the circula- 
tion multiplication factor is 3 - 5 and the circulation rate 
is moderate. Convection due to boundary layer distur- 
bance caused by the generation, growth and separation 
of bubbles, which is a function thermal of load and 
pressure, plays a major role. Factors such as circulation 
11.1.7 rate, steam content and tube spacing are not 
significant. Hence, a space boiling heat exchange 
equation is usually used.’:'®-'' 


There are a large number of equations to calculate the 
heat exchange coefficient for large space boiling heat 
exchange. However, there are large discrepancies 
between different equations. For example, the results 
presented by four Russian scientists are different by a 
factor of four.” One of the major reasons is that studies 
were done over a wide range of conditions, experimental 
parameters and fluids. Another reason is that different 
physical models were used to interpret the results. In 
recent years, attempts were also made to derive a boiling 
heat transfer equation from different mathematical 
models. However, they still rely on experimental data to 
determine empirical constants. Furthermore, different 
fluids have different constants. 


The fundamental reason for such a large discrepancy is a 
lack of in-depth understanding of the boiling heat- 
exchange mechanism and factors affecting this process. 
A comparison of various boiling equations to the overall 
boiling heat-exchange coefficients of all steam generators 
in operation was made by Tang Liangsun.'? None of the 
equations could match all the data. Especially in heat 
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flux areas, the data points are much higher than those 
values from any equations. This is further proof that 
more in-depth study on boiling heat exchange is 


required. 


As far as heat exchange in a steam generator is con- 
cerned, the author believes that efforts should be 
directed toward the following areas: 


(1) On the basis of in-depth theoretical analysis, the 
characteristics of various available physical models 
should be examined. Existing empirical equations 
should be avoided in the analysis to the extent 
possible. Experimental work should be done on this 
basis. Data should be sorted to look for exact 
matches, instead of wide range of applicability. Dif- 
ferent studies will be conducted for various liquids, 
heated surface structures, and operating conditions 
(such as heat load q, operating pressure p) in order to 
match the equations to actual measured values as 
closely as possible. As a matter of fact, it is no longer 
a difficult task to use different equations under 
different conditions. 


(2) Many believe that geometry does not have a major 
impact on boiling heat exchange. In the past decade, 
it was noticed that there is a difference between 
boiling on the surface of a single tube and boiling of 
liquid in a steam generator outside the tube bundle. 
This indicates that tube layout and structure size 
have an effect on boiling heat transfer. Furthermore, 
the extent of this impact is a function of boiling 
pressure p, thermal load q, and liquid characteristics. 
This type of work was done at the Moscow Institute 
of Dynamics. However, their experimental condi- 
tions are different from the structure and operating 
condition of our steam generator (vertical U tube). 
Therefore, there is a need to conduct a study in this 
area. 


(3) On the basis of the thermal hydraulic design of 
existing steam generators, one must choose experi- 
mental parameters and conditions as close to those 
as possible to derive the equation. Before an expres- 
ston for the heat-exchange coefficient a in a steam 
generator is derived, it is recommended that the 
Chen equation be used to calculate the boiling heat 
exchange because it not only takes into account 
microscopic convection heat exchange (i.e., bubbles) 
but also macroscopic convection heat exchange (i.e., 
single phase) to cover the entire range of boiling 
conditions. This equation is being widely used in 
thermal hydraulic design and analysis programs for 
steam generators developed in western nations. Of 
course, it is also possible to employ the familiar 
Rohsenow equation. However, the calculated 
heat-exchange coefficient obtained in usually 30-50 
percent higher than the experimental value. 
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4. Comprehensive Study of Steam Generator 
Characteristics 


Research on steam generator performance in China is 
either focused on local problems, or involves experi- 
ments under certain operating conditions. We have not 
seen a comprehensive experimental research report on it 
as a whole. Obviously, in a steam generator various 
components and areas are closely related. For instance, 
separator efficiency is a function of circulation multi- 
plier, steam and water level. Circulation multiplier is 
also affected by factors such as heat exchange and heat 
load. These factors are further impacted by water chem- 
istry and material characteristics. Eventually, they have 
an impact on the steady state and transient behavior of 
the steam generator. Hence, it is necessary to analyze 
and study its performance as a whole. Of course, this 
study should be done in conjunction with studies for 
individual components. Such studies ought to mutually 
complement and validate each other. The author 
believes that we should combine thermal hydraulic anal- 
ysis with corrosion theory (material strength), pipe 
vibration and fatigue, water quality and the effect of 
concentrated crud on materials. Of course, this involves 
a number of disciplines and it is difficult to conduct. 
Nevertheless, let us consider the following two 
approaches. 

One is to develop thermal hydraulic programs for steam 
generators and to include various effects in such pro- 
grams. In this area, progress has been made abroad 
which extends one-dimensional analysis to three- 
dimensional steady-state and transient-state analysis. It 
is also being perfected continuously. For example, 
ATHOS was upgraded to ATHOS3 in 1986. It is almost 
capable of handling all natural circulation and direct- 
flow steam generators. '* In China, however, there is only 
one published one-dimensional finite difference steady- 
state thermal hydraulic analysis program. In terms of 
program development, we should work toward transient 
and three-dimensional analysis and adopt methods that 
produce more accurate results (such as the finite element 
method and finite analysis). In addition, factors such as 
corrosion, vibration and fatigue must also be included. 


The second approach is to establish a full working 
condition experiment to study the performance of the 
steam generator. A full working condition experiment 
not only can verify individual component results 
obtained under certain conditions but also can validate 
the thermal hydraulic analysis program developed. It is 
not only capable of evaluating its steady-state behavior 
but also the time response characteristics of various 
major parameters with varying circulation rate, thermal 
load, local heat distribution, temperature field in the 
tube bundle, precipitation in the plates and corrosion. A 
great deal of work has been done abroad, such as the 
MEGEVE simulator and a large-scale experimental 
steam generator simulator constructed jointly by the 
United States, Japan, Italy, United Kingdom, Canada 
and France.'* To date, China does not have an inte- 
grated experimental apparatus. Most of the work is local 
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thermal hydraulic studies or cold experiments on small 
experimental apparatus. There is a need to build a 
comprehensive experimental facility to study the perfor- 
mance of steam generators. 


5. Conclusions 


To ensure safety and reliability, it is necessary to conduct 
more theoretical analysis and experimental study on the 
thermal hydraulic process in a steam generator in order 
to establish a dependable expression to describe the 
relation between two-phase drag and heat exchange, to 
develop a comprehensive and highly accurate program 
to analyze the entire thermal hydraulic process, and to 
build a full working condition experimental facility to 
further investigate steam generator performance. If nec- 
essary, performance tests should be done on the steam 
generators at the Qinshan and Daya Bay Nuclear Power 
Plants. The objective is to acquire more experience in 
design optimization and safe and reliable operation of 
nuclear power plant steam generators in China and to lay 
down a solid foundation for the development of nuclear 
power in the next century. 


Xiong Yangheng, male, 31, Associate Professor, gradu- 
ated from the power plant thermodynamic engineering 
program at Central China Polytech University in 1983, 
graduated from the power plant engineering program at 
Wuhan University of Hydraulic and Electric Engi- 
neering in 1988, Master’s candidate, currently engaged 
in teaching and research in thermodynamic engineering. 
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Organic Sol-Gel Process for Preparation of Fine 
Ceramic Powders 

956B0010D HE DONGLI GONGCHENG [NUCLEAR 
POWER ENGINEERING] in Chinese Vol 15 No 4, Aug 94 
pp 365-368 


{Article by Xie Yonghuai [6200 3057 2037]: “Organic 
Sol-Gel Process for Preparation of Fine Ceramic 
Powders,” MS received 4 Jun 93, revised 10 Jul 93] 


[FBIS Translated Text] The organic sol-gel process is fre- 
quently used to prepare homogeneous, fine and narrowly 
distributed particle size, high-activity and multi-element 
ceramic powders. Its range of applications is expanding 
because of low raw materials cost, simple equipment, and 
short process. It is currently being used for the preparation 
of fine powders for piezoelectric, electric conduction, mag- 
netic and high-Tc, superconducting ceramics. 


Key Words: preparation process, fine ceramic powder, 
organic sol-gel process. 


1. Introduction 


Fine ceramic powder is an attractive new class of mate- 
rial. It not only has excellent resistance against erosion, 
high temperature and corrosion, but also has unique 
electrical, optical and magnetic properties. Moreover, it 
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is already being widely used in aerospace, high temper- 
ature engines, fuel cells, high-temperature heat 
exchangers, nuclear technology and the electronics 
industry. Ceramic powder is the basis of fine ceramic 
materials. Its characteristics are important factors deter- 
mining the property of a ceramic material. The ability to 

prepare high-quality ceramic powder is a necessary con- 
ics tp aid Eianalite annaie anata, & apes 
deal of effort has been devoted to the development of 
processes to prepare fine ceramic powders. Among the 
methods developed, coprecipitation, sol-gel (including 
alkoxide hydrolysis), freeze drying, spray drying, chem- 
ical vapor deposition, water heating and organic sol-gel 
are preferred methods to prepare high-quality :nulti- 
element ceramic powders. They have the following 
advantages: ability to accurately regulate and control the 
composition and stoichiometry of the powder, excellent 
homogeneity, uniform particle-size distribution, ability 
to control particle size to some extent, clean and high 
activity. The organic sol-gel method has several addi- 
tional unique features, such as availabiliny of low-cost 
raw materials, wide range of applications, simple facility 
and equipment, short production cycle, forgiving pro- 
duction conditions and ease of industrial scale-up. This 
is a preferred method of the industry and is being used in 
a wide variety of applications. 


2. Brief Description of the Method 


Organic sol-gel, also called organic salt sol-gel, is a 
method to prepare ceramic powder from an organic salt 
through the gelling and thermal decomposition of an 
Organic complex solution. The raw materials used 
include metal salts (or metal oxides), organic complexing 
agents, organic solvents and buffers. Nitrates or organic 
salts are preferred because anions of other inorganic salts 
are difficult to remove. Organic complexing agents such 
as acetic acid, oxalic acid, peracetic acid, citric acid, 
ethylenediaminetetra-acetic acid (EDTA), polyacrylic 
acid, polyacrylamide, ethylenediamine and tartaric acid, 
are commonly used. In most cases, ethylene glycol is 
used as the solvent. The buffer consists of an organic 
acid, ethylenediamine, ammonia and water. The process 
and principle of the method is as follows: 1) Preparation 
of organic solution. A metal salt solution is made in 
accordance with the stoichiometry of the fine ceramic 
powder. It is then mixed with an organic complexing 
agent solution. Adjust the pH of the mixture so that a 
complex is formed between organic complex anions and 
metal cations to result in a clear gel solution. 2) Gelation. 
Stir the solution vigorously while heating it up with a 
water bath to evaporate the water. A viscous gel is 
formed between the complex and the solvent. After 
vacuum drying, it turns into a solid gel. 3) Gel decom- 
position. The solid gel is heated to a certain temperature 
at which the organic solvent evaporates at a rapid rate. 
The organic complex decomposes violently and the 
metal ions are scattered into thin webs that can be 
readily ground into pieces. 4) Caicination. Fine powder 
of ceramic oxide is obtained by heating up the decom- 
posed powder at a certain temperature to remove 
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residual organics and free carbon. With special pro- 
cesses, it also possible to produce carbides and nitrides 
from solid gel materials. Following are a few examples 
where fine ceramic powders are prepared by the organic 
sol-gel method. 


3. Examples of Organic Sol-Gel Method 


3.1 Preparation of Piezoelectric (PZT) Ceramic Fine 
Powder of Zirconate and Titanate’ 


Lead zirconate titanate is an important piezoelectric 
ceramic material. The following organic sc!-gel process 
can be used to prepare single-phase PZT powder. First, 
convert ZrCl, and TiCl, into nitrates and then make 0.1 
mol/L aqueous solutions with Pb(NO;),, respectively. 
Make a 0.15 mol/L EDTA solution with deionized water 
and then adjust its pH to 5 by adding NH,OH. Gradu- 
ally add metal salt solutions to the EDTA solution and 
continuously add NH,OH to maintain its pH constant. 
After mixing, allow solution to stand at ambient temper- 
ature for one hour to equilibrate. Place solution in a 
rotary evaporator to evaporate the water at 50-70°C to 
yield a viscous gel. Transfer this viscous gel to an 
evaporation dish and place it in a vacuum oven for 24 
hours at 80°C. It decomposes at 250°C. X-ray diffraction 
shows the presence of PZT crystal at 250°C. Between 250 
and 600°C, there are no intermediate phases other than 
PbO. At approximately 700°C, it becomes a single-phase 
PZT. 


3.2 Preparation of Fine and Ultrafine (La,_.Sr,MnO,) 
Conducting Ceramic Powder 


La,_,Sr, MnO, is highly conductive electronically. Under 
certain conditions, it is tonically conductive. It is also 
chemically stable and has a high thermal expansion 
coefficient. Hence, it is a very promising cathode mate- 
rial for a solid oxide fuel cell. It can be prepared with 
different organic complexing agents according to 
methods described below. 


3.2.1 Peracetic Acid Complexing Technique’ 


Dissolve (1-x)La(CH,COO),-1.5H,O, x Sr (NO), and 
Mn(CH ,COO),-4H,0, in a dilute H,O, solution. After 
it is completely dissolved and complexed, add NH,OH 
to gel. The stable gel solution is then heated to 110°C to 
remove water and ammonium acetate (by evaporation or 
spray drying) to form a reversible crystalline powder. It 
begins to undergo thermal decomposition at 270°C. At 
700°C a perovskite phase is formed. After calcination in 
air for 18 hours at 1200°C, a perovskite La,..Sr,.MnO, 
powder is obtained. 


3.2.2 Polyacrylic Acid Complexing Technique’ 


Weigh out La(NO,),-6H,O, Sr(NO,), and Mn(NOQ),),- 
6H,O by proportion and dissolve them in a small 
amount of water. Use nitric acid to adjust the pH of 
polyacrylic acid to 2.0. Mix polyacrylic acid with the 
aqueous solution at room temperature. After stirring for 
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5-10 minutes, a viscous gel is formed. An ultrafine 
powder of La, ,Sr,MnO, (0 & x 5 0.3), 18 nm in crystal 
size and 20 m*/g in specific surface area, can be obtained 
by heating the gel up to 400-500°C in air for 6 hours. 


3.2.3 Citric Acid Complexing Technique’ 


Dissolve citric acid and each of the nitrates individually 
in 10 ml of distilled water. After mixing them together, 
place the resultant solution in a rotary evaporator to 
remove water in vacuum at 60-80°C to obtain a viscous 
solution. Place the viscous solution in an evaporation 
dish and keep it in a vacuum oven at 70+/-5°C for 12 
hours to form a precursor. After 2 hours of calcination at 
1000°C, 70-nm-diameter (LaSr)MnO, powder with a 
specific surface area of 6.3+/-0.2 m7/g is formed. Calci- 
nation at 1400°C could yield pure (LaSr)MnO,. The 
same technique can also be used to prepare Mn,O,, 
MnO,, LaMnO, and SrMnO, fine powder. The calcina- 
tion temperatures of the precursors are 300, 500, 600, 
and 1000°C, respectively. 


a5 Poapesation (BaFe,O,,) Ultrafine Magnetic 


Weigh out analytical-grade BaCO, and Fe(NO,),-9H,O 
in 1:12 molar ratio and dissolve them individually in 
citric acid solution. Citric acid is added in such a 
proportion that eact valence of the metal ion requires 
one citric acid molecule. After mixing the two solutions 
together, add 4 g of acrylamide and then 0.4 g of 
methylene-diacrylamide to it. After everything is in 
solution, adjust its pH to 8-9 with concentrated ammo- 
nium hydroxide and then dilute it with water to 50 ml. 
Add two to three drops of tetramethylethylenediamine 
and six to seven drops of six percent H,O,. After mixing 
it thoroughly, heat it up in boiling water. A few minutes 
later, a translucent yellowish green gel is obtained. Place 
the gel in a muffle furnace. First, leave it at a low 
temperature to get rid of the water. Then, gradually raise 
the temperature to a certain level and maintain at that 
level for several hours. Shut off the furnace and allow it 
to cool down naturally. At the end, a relatively uniform 
dark brown fine powder of BaFe,,0,, less than 100 nm 
in diameter is obtained. 


3.4 Preparation of High T. Superconducting Ultrafine 
Ceramic Powder . ” 


The discovery of high T, superconductors caused many 
people to jump into this revolutionary field. In order to 
obtain high T, materials for practical use, many are 
developing methods to produce high-quality ceramics. 
Different organic sol-gel methods using different com- 
plexing agents are described as follows. 


3.4.1 Acetic Acid Complexing Technique® 


On the basis of an atomic ratio of Y:Ba:Cu = 1:2:3, weigh 
out yttrium acetate, barium acetate and copper acetate 
and place the mixture in a beaker. Add a suitable amount 
of water and stir to yield a clear solution. After using 
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ammonium hydroxide and acetic acid to adjust the pH 
of the solution to 6, place the solution in a constant- 
temperature bath and keep it at a certain temperature to 
gradually concentrate it to a blue translucent gel. The gel 
undergoes thermal decomposition at 700°C. A chemi- 
cally uniform dark brown fine powder of YBa,Cu,0O,.,, 
with a mean particle size of <0.5 4m, can be obtained by 
grinding the decomposed gel. This powder can be used to 
make YBa,CuO,,_,, a high T, superconductor whose T,, 
= 93 K, J, = 241 A/cm? (77K, OT). 


3.4.2 Oxalic Acid Complexing Technique’ 


On a basis of atomic ratio of Bi:Pb:Sr:Ca:Cu = 
0.8:0.2:1:1:2, add stoichiometric amounts of Bi(NO,),- 
5H,0, Pb(NO,)., Sr(NO;),, Ca(NO;),-4H,0, and 
Cu(NO,).-3H,O to a mixture of oxalic acid and ethylene 
glycol. To ensure that there are sufficient oxalate anions 
(e.g., HC,O, and C,0,) to complex with metal cations, 
an excess amount of oxalic acid is required. The pH of 
the solution is then adjusted with ammonium hydroxide. 
It is then vigorously mixed and allowed to age for 8 hours 
at 80°C. It is then gelled after cooling down to room 
temperature. The gel is dried at 50°C and then calcinated 
for 3 hours at 800°C to yield a powder which is approx- 
imately 100-200 nm in diameter. This powder is then 
pressed into a 10-mm-diameter, 2-mm-thick disc. The 
disc is then heated to 840°C for 40 hours to produce a 
Bi-series superconductor with a T, of 104 K. 


3.4.3 Citric Acid Complexing Technique® 


On the basis of the following molar ratio, i.e., Bi:Pb:Sr- 
:Ca:Cu = 0.7:0.3:1:1:1.8, weigh out their corresponding 
nitrate salts. Place bismuth nitrate in a dilute nitric acid 
solution to prevent hydrolysis. Dissolve the remaining 
nitrates in distilled water. Mix various nitrate solutions 
with citric acid. The amount of citric acid used is equal 
to the sum of the moles of the metal cations. An equal 
molar amount of ethylene glycol is added as the organic 
solvent. Concentrate and dehydrate the solution in an 
80°C water bath while stirring to form a viscous paste. 
Vacuum dry the paste at room temperature for one day 
to result in a light blue solid gel. The gel is then ground 
into powder in an agate mortar. It is calcinated for 2 
hours at 600°C to become an ultrafine powder approxi- 
mately 10-100 nm in diameter. This powder can be 
pressed into a superconducting ceramic with T, above 
100 K. 


A deep blue gel can be obtained by adjusting the pH of 
the mixture to 6-7 with ammonium hydroxide or ethyl- 
enediamine. Upon decomposition, the gel expands and 
spontaneously combusts. The powder obtained is even 
finer and more uniform. 


3.44 EDTA Complexing Technique” 


On the basis of the following molar ratio, i.e., 
Bi:Pb:Sr:Ca:Cu = 0.8:0.2:1:1:2, prepare solution I, 
which is a solution of their corresponding nitrates in 
ethylene glycol. Dissolve EDTA in ethylene glycol as 
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well. Adjust its pH to 8.0-8.2 with ammonium 
hydroxide and call it solution II. Mix these two solu- 
tions at a rate of 5 mL/min to finally form a clear deep 
blue viscous colloidal gel with pH 3. This solution is 
aged in a covered plastic container for 3 hours at 
40-90°C. It is then heated to above 150°C over static 
air for one day to remove hydroxyl groups to form a 
gel. The gel is burned at 300°C and decomposed into a 
soft porous aggregate. It can then easily be ground into 
a fine powder. The powder can then be pressed and 
sintered into a high-percentage-content 2223 phase 
Bi-series superconducting ceramic with a T,,, of 108 K. 


4. Conclusions 


The organic sol-gel method is not only suitable for the 
preparation of ultrafine powder of a single oxide but also 
for multi-element fine and ultrafine ceramic powders. A 
variety of high-quality fine ceramic powders have been 
prepared with low-cost raw materials and simple equip- 
ment. This illustrates that the method has its unique 
advantages. It is an effective way to make high-quality 
fine ceramic powders. It will be both economically and 
socially beneficial to expand it to industrial scale. If this 
method is used to produce composite oxide ceramic 
nuclear fuel, fusion reactor breeder ceramics and modi- 
fied rare earth materials to control reactors, the unifor- 
mity of various materials wil! be drastically improved to 
yield higher quality nuclear fuel and nuclear materials. 


Xie Yonghuai, male, 44, graduated from the Department 
of Radiochemistry of Shanghai Fudan University, cur- 
rently engaged in new materials process research, Assis- 
tant Research Fellow. 
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10MW HTR Test Module Design 


956B0033A Beijing GAO JISHU TONGXUN [HIGH 
TECHNOLOGY LETTERS] in Chinese 
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[Article by Qin Zhenya [4440 2182 0068] and Zhong 
Daxin [6988 1129 6580] of the Institute of Nuclear 
Energy Technology, Qinghua University, Beijing 
100084; MS received 10 Jun 94] 


{[FBIS Translated Text] The design philosophy and 
safety features of HTR-10 are introduced in detail, and 
the structure of its main parts and major components are 
described briefly. The main design data are given. 


I. Introduction 


The modular high-temperature gas-cooled reactor is a 
reactor with an advanced design that was developed in 
the early 1980s. This type of reactor has an intrinsic 
safety and can therefore be used as a source for high- 
efficiency electric power generation and for industrial 
heating. According to the strategic development targets 
for the year 2000 in China’s 863 Program, high temper- 
ature gas cooled reactors shall play an important role in 
the first part of the next century. To promote its use and 
as a first strategic step, a 1OMW high temperature, gas 
cooled experimental reactor (HTR-10) is being built in 
the Institute of Nuclear Energy Technology of Qinghua 
University. The reactor will be used for electric power 
generation, regional heating, and research and develop- 
ment of high-temperature industrial heating. 


For the stated purposes, the overall design of the |OMW 
experimental reactor should have the basic characteris- 
tics of a modular, spherical bed, high temperature gas 
cooled reactor. It must also satisfy the requirements of 
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materials irradiation tests, experimental validation of 
safety, and experimental investigation of high tempera- 
ture industrial heating. 


IL. Philosophy and Safety Characteristics of 
HTR-1 


The main purpose of building the HTR-10 is to master 
the advanced technology for designing, building, and 
operating a modular high temperature gas cooled 
reactor. The inherent safety of the ‘‘shoulder- 
to-shoulder”’-type modular reactor will be discussed. The 
device will also be used for conducting irradiation exper- 
iments for the fuel rods and for other materials, for 
power generation, and for the investigation of regional 
heating, thermal and electric power cogeneration, and 
high temperature technology. 


To give the HTR-10 reactor a high degree of intrinsic 
safety, attention was given to the safety of the following 
three areas in its design: 


1. Multiple shields to prevent the release of radioactive 
fission products. 


The first shield is the ceramic cover of the fuel particles. 
The UO, fuel particles are covered first by a layer of low 
density pyrolytic carbon, followed by two layers of high 
density pyrolytic carbon, and finally by a layer of silicon 
carbide. Experiments show that the silicon carbide layer 
can maintain its structural integrity up to 1600°C, there- 
fore, gases and metallic fission products can be com- 
pletely contained in the fuel particle cover for normal 
operating conditions and all incident situations of the 
HTR-10 reactor. The second shield is the pressure 
boundary of the primary circuit. Its main components 
are the pressure chamber of the reactor, the pressure of 
the steam generator, and the pressure chamber of the hot 
steam pipes between the above two chambers. These 
components are manufactured following the procedures 
for Class I nuclear components and they constitute the 
second shield against pressure chamber rupture. The 
third shield is the concrete chamber of the primary 
circuit and the helium purification system (including the 
separation valve), the pressure release system, and the 
pressure transducer chamber of the primary circuit. The 
latter two are connected to the primary circuit chamber 
via an explosive membrane. This enclosure is not air 
tight; during normal operation this enclosure is main- 
tained at a negative pressure relative to other parts of the 
reactor by a ventilation system. Therefore, the atmo- 
sphere in the primary circuit will not leak to other parts 
of the reactor building; instead, it is released through the 
ventilation center chimney after filtering by the ventila- 
tion system. The designed pressure of this enclosure is 
0.13 MPa. If the primary circuit or the connected helium 
gas system malfunctions and loses its pressure, or if the 
pressure in the primary circuit is too high for the 
pressure control system and the pressure release valve 
opens, pressure in the enclosure will increase. When the 
pressure is lower than 0.11 MPa, the atmosphere in the 
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enclosure will be filtered by a bypass filter and vented to 
the atmosphere through the chimneys in the ventilation 
center, When the pressure exceeds 0.11 MPa, the explo- 
sive membrane of the enclosure will explode. The explo- 
sive membrane at the helium purification system and the 
pressure transducer will explode toward the chamber of 
the primary circuit. The gases in the enclosure will pass 
through specifically installed chimneys and quickly vent 
over the top of the reactor building. The environmental 
effects of this release are still within the allowance of the 
national standard. When the pressure in the enclosure is 
less than 0.11 MPa, the valve on the enclosure will 
automatically close in order to maintain the function of 
the enclosure. In the meantime, the ventilation system 
maintains a negative pressure in the reactor hall and all 
control areas that is higher than the enclosure pressure 
but lower than the aimospheric pressure in order to vent 
the internal atmosphere in a controlled manner. 


2. Install an intrinsically safe residual heat release system 
that has no moving parts. 


In a normal shutdown of the reactor, the helium circu- 
lation fan and the steam generator may continue to work 
so that the residual heat may be released through the 
steam generator with the aid of the start loop of the 
secondary circuit. If this system fails, the residual heat 
may be passively transmitted from the fuel elements, 
graphite blocks, carbon bricks, and pressure vessel by 
radiation to the cavity cooling device of the reactor. The 
cavity cooler is installed on the concrete surface of the 
reactor cavity and consists of a water cooling wall and air 
cooling radiators. There are no moving parts and the 
residual heat is expelled out of the system by natural 
circulation. The system has two independent units; each 
one has 100 percent residual heat-release capability. This 
intrinsically safe residual heat repulsion system ensures 
that the temperature of key components like the fuel 
elements and the pressure vessel remains in the safety 
range under any operating conditions. 


3. Large negative reactivity temperature coefficient of 
fuel and moderator. 


In the design of the HTR-10, the negative reactivity 
temperature coefficient of the fuel and the moderator is 
-8.8 x 10°/K. Under normal operating conditions, the 
maximum operating temperature of the fuel elements is 
more than 700°C less than its limit. The negative reac- 
tivity temperature coefficient can provide the system 
with 5 x 10°? of negative reaction compensation ability. 
With this negative reactivity temperature coefficient, the 
HTR-10 reactor will achieve automatic shutdown under 
many incidents such as water entering the reactor core or 
control rod pulled out by mistake. 


III. Structure and Main Components of HTR-10 
Reactor 


The reactor consists of the reactor pressure vessel, the 
graphite pile and carbon bricks in the reactor, metallic 
structures, fuel elements, control rods and their drive 
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mechanism, absorber sphere and shutdown device, and 
fuel element loading and unloading system. Figure | 
shows a cross sectional view of the reactor. 


1. Reactor core 


The reactor core is a volume surrounded by graphite 
reflectors, its diameter is 180 cm and its height is about 
240 cm, and it is a cylindrical chamber with a conical 
bottom. The reactor core contains about 27,000 fuel 
elements and the active volume is about 5 m*. The 
equivalent height of the active volume is 197 cm and the 
height of the empty cavity on top is about 40 cm. The 
cavity forms a free deposit surface for the fuel elements 
on the upper surface of the active volume. The top of the 
reactor core has loading tubes for fuel elements and the 
bottom of the reactor core has a 500-mm-diameter 
unloading tube for fuel elements. 


2. Fuel elements 


The HTR-10 reactor employs spherical fuel elements 
with the fuel particles covered with ceramics. The ele- 
ment diameter is 60 mm. The 50-mm-diameter core of 
the sphere is a graphite matrix with uniformly dispersed 
fuel particles covered in ceramics. The outer 5 mm of the 
fuel element is a spherical graphite shell that contains no 
fuel. Each spherical fuel element contains 8300 covered 
fuel particles. The particles have a TRISO structure, the 
core is a 0.5-mm UO, sphere. The initial concentration 
of U?*> is 17 percent. The core is covered by three layers 
of pyrolytic carbon and one layer of SiC. With the 
coverings, the particle has a diameter of 1.0 mm. Each 
fuel element has 5 g of heavy metal. The designed 
average fuel consumption is 80,000MWd/t. The fuel 
elements are cycled through the core of the reactor many 
— so that the consumption of the spent fuel is more 
uniform. 


3. Graphite and carbon bricks in reactor core 


The graphite reflector has three parts: the top, the side, 
and the bottom. From the inside out, there is first an 
inner graphite reflector and then a structure of carbon 
bricks containing boron. The inner graphite structure is 
mainly used as a neutron reflector for the active zone. 
The outer carbon bricks have a lower thermal conduc- 
tivity and contain neutron-absorbing boron. The carbon 
bricks are therefore used for thermal insulation and for 
absorbing thermal neutrons. The entire reflector has 15 
layers of graphite blocks and carbon bricks in the height 
direction. Each layer has 20 blocks in the circumferential 
direction. The graphite blocks are connected by locking 
pins to keep them in position and to prevent helium 
leaks. The graphite blocks are connected to form an 
integral structure. 


The inner surface of the side reflector has 20 holes near 
the active zone. Ten of these holes are control rod guide 
holes with a diameter of 130 mm. Seven of the holes are 
round and elongated and are used for the absorbing 
sphere shutdown system. The remaining three holes are 
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Figure 1. Cross Sectional View of the HTR-10 Reactor 





130-mm-diameter material irradiation channels. On the 
outer surface of the side reflector, there are 20 cooling 
holes for cold helium gas to flow through. In the bottom 
reflector the graphite blocks are tilted at a 30 degree 
angle to form the conical bottom of the active zone. The 
500-mm-diameter fuel unloading tube is situated at the 
center. This arrangement helps the fuel elements to flow 
out of the reactor core and avoids the formation of “dead 
zones.” The bottom reflector contains an exit manifold 
for hot helium gas. Hot helium gas with nonuniform 
temperature is mixed thoroughly in the manifold before 
being guided into the steam generator. 


4. Metallic structures in the reactor core 


Metallic structures in the reactor core consist of the 
cylindrical core body, the bottom support plate, and the 
top biological shield. The entire reactor core and the 
graphite reflector structure are resting on the bottom 
support plate. The plate is made of steel and has rein- 
forcing ribs. The inner diameter of the reactor core 
cylinder is 3,800 mm, the height is 6,200 mm, and the 
wall thickness is 30 mm. The cylinder ensures the radial 
position of the graphite reactor body and maintains the 
structural integrity in an earthquake. It also allows the 
graphite components to expand freely and reduces the 
irradiation of the pressure vessel by fast neutrons. The 


annular space between the reactor core cylinder and the 
pressure vessel is filled with 250°C cold helium gas to 
ensure that the temperature of the pressure vessel wall 
remains in the permitted range. The top of the reactor 
core is a 300-mm-thick steel plate, the biological shield. 
The metallic structures are designed in such a way as to 
provide channels for the control rods, the absorbing 
sphere shutdown system, the fuel element loading tube, 
hot gas outlet tube, and tubes for measurement meters. 


5. Control rods and absorbing sphere shutdown device 


The HTR-10 reactor has two independent shutdown 
systems: the control rod system and the absorbing sphere 
system. The control rod system consists of the 10 control 
rods in the channels of the side reflector. The absorbers 
are sintered B and C-shaped blocks with a length of 
2,200 mm and a diameter of 100 mm. The outer diam- 
eter of the rod is 110 mm and the cladding material is 
stainless steel. The drive mechanism of the control rods 
is installed on the top cover of the pressure vessel. It 
employs a motor drive and a chain mechanism that is 
connected to a deceleration device to control the rise or 
fall. In case of power failure, the control rod may be 
lowered to its lowest position under gravity to stop the 
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reactor. The reactivity of the control rod system is 
sufficient to satisfy power regulation, hot shutdown, and 
long term cold shutdown. 


The absorbing sphere is the second shutdown system. In 
case of a total failure of the control rod system, the 
absorbing sphere may bring the reactor from a hot state to 
a cold subcritical state and ensure the safety of the reactor. 
The absorbing sphere is installed inside the pressure vessel 
of the reactor. The 5-mm-diameter boron container is 
placed in a storage can at the top of the reactor core. When 
it is necessary to engage this system, the absorbing sphere 
may be lowered under gravity into the channel of the side 
reflector to stop the reactor. When the first shutdown 
system restores to normal status and the reactor needs to 
be restarted again, the absorbing sphere may be returned to 
the storage can at the top of the reactor to get ready. 


6. Fuel loading and unloading system 


The HTR-10 reactor uses spherical fuel elements and 
employs a continuous loading and unloading mecha- 
nism. The fuel elements are fed into the reactor core 
from the top through the pressure vessel. The fuel 
elements then flow from the top to the bottom in the 
reactor core spherical bed following different flow lines 
and with different speed. The fuel elements are expelled 
out of the reactor core from the conical bottom through 
a 500-mm unloading tube. The elements then go through 
a fragment separator which separates out fragments and 
elements with irregular shape and size and sends them to 
a fragment storage can. The others then pass through a 
spent fuel measurement device. Fuels below the designed 
consumption level are reloaded into the reactor core for 
another cycle. Spent fuels are then delivered to a spent- 
fuel storage bank for storage. When the reactor is run- 
ning at the rated power, a total of 125 fuel elements are 
cycled through each day, about 25 of them are spent and 
need to be replaced. In the entire fuel cycle, with the 
exception of pneumatic delivery of fuel to the top of the 
reactor core through a tube, all the other movements are 
gravity-fed through vertical or tilted tubes. 


7. Pressure vessel 


The reactor pressure vessel is an upright cylindrical shell 
with an inner diameter of 4,100 mm, a total height of 
10,250 mm and a wall thickness of 70 mm. The top cover 
is connected to the body of the cylinder with a flange and 
is sealed with an Omega weld. Connecting pipes for the 
control rod drive mechanism and for the material irra- 
diation channel are located on the top cover. Also 
installed on the pressure vessel are fuel unloading pipes, 
gas pipe for the absorbing sphere system, and connectors 
and feedthroughs for instruments. The sidewall of the 
pressure vessel has large 900-mm-diameter openings at 
the height of the hot gas circulation circuit; here the hot 
gas pipes are attached to the pressure vessel through 
flanges. The four support frames of the pressure vessel 
are uniformly distributed on the centerline of the hot gas 
pipe connector. The frames are attached to the concrete 
chamber wall of the primary circuit. 
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IV. Main Components of the Primary Circuit of 
HTR-10 Reactor 


The pressure boundary of the primary circuit consists of 
the reactor pressure vessel, the hot gas pipe pressure vessel, 
the steam generator and the helium blower pressure vessel. 
In addition to the reactor components, the primary circuit 
of the HTR-10 also includes the hot gas pipe, the steam 
generator, and the helium circulation blower. 


1. Hot gas pipe 


The hot gas pipe is an insulated pipe with an inner 
diameter of 300 mm. Flowing in the pipe is 700°C hot 
helium gas; 250°C cold helium gas flows outside the pipe 
and in the circular path formed by the hot gas pipe 
pressure vessel. One end of the hot gas pipe is connected to 
the hot helium gas channel at the bottom of the reactor 
core and to the cylindrical shell of the reactor core. Its 
other end is connected to the helium intake of the steam 
generator. 


Since the temperature difference of the fluids inside and 
outside the pipe is very great, the tube wall of the hot gas 
pipe has a double jacket in order to reduce the heat 
transmission from the inside to the outside and the space 
between the two layers is filled with a high temperature 
insulation material. The inner diameter of the inner pipe 
is 300 mm and the pipe is made from 5 mm thick welded 
high temperature alloy steel. The material of the inner 
pipe is chosen with the possibility of operating the 
helium gas at 950°C. The outer pipe is the supporting 
structure for the insulation material and for the inner 
pipe, it also serves as a sealing and separating structure 
for helium gas. Its operating temperature is close to that 
of cold helium gas. To compensate for thermal expan- 
sion, the two ends of the outer pipe are welded to 
expandable corrugated pipes. The outer tube of the hot 
gas pipe must also endure a certain amount of pressure 
difference which is less than the excursion of the main 
circulation blower. 


2. Steam generator 


The function of the steam generator is to transfer the 
heat generated by the reactor from the primary circuit 
coolant to the second circuit to generate steam for power 
generation and heating purposes. It separates and con- 
nects the two circuits and serves as the main shield of the 
secondary circuit against the radioactive coolant of the 
primary circuit. 


The design parameters of the second side of the steam 
generator depend on the parameters of the gas turbine. 
The outlet steam pressure is 4.0 MPa, the temperature is 
440°C, the inlet water temperature is 104°C, and the 
designed power rating is 1|OMW. 


The HTR-10 steam generator employs a single head spiral 
tube construction; it consists of 37 tube elements. The heat 
exchange tube is 18-mm diameter x3 and 27 meters long; 
the total heat exchange area is 56 m7. Since the helium 
temperature in the second phase of HTR-10 will be raised 
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to 950°C, an intermediate heat exchanger will be installed 
for the high temperature heating experiment. The design 
plan calls for an integrated structure of the steam generator 
and the intermediate heat exchanger, that is, the compo- 
nents of the intermediate heat exchanger will be laid out in 
the central portion and the steam generator components 
will be laid out in the surrounding circular space. In 
designing the structure, considerations have been given to 
the phase I to phase II transition in terms of fabrication, 
installation and operation. 


3. Helium circulation blower 


The helium circulation blower of the primary circuit is 
an upright single-stage centrifugal blower. The blades are 
at the lower end of the shaft and the blower is coaxial 
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with the driving motor. A separation valve is installed at 
the inlet of the blower and the valve is closed after the 
blower stops. This valve prevents the formation of a 
natural circulation of the primary circuit helium and 
protects the blower from overheating. The inlet of the 
blower is connected to the cold helium outlet of the 
steam generator so that the blower and the steam gener- 
ator are unitized and placed in the same pressure vessel. 


The operating pressure of the helium blower is 3.0 MPa, 
the pressure rise is 60 kPa, the working temperature is 
250°C, and the rated flow rate is 4.3 kg/s. The revolution 
speed of the blower may be adjusted between 10 and 100 
percent of the rated maximum speed. The flow is 
adjusted by changing the revolution speed in order to 
satisfy the requirements of various operating conditions. 





APPENDIX: Major design parameters of the HTR-10 
























































Therma! power of the reactor 10MW 
Helium pressure in primary circuit 3MPa 
Average outlet helium temperature of reactor core 700°C 
Average helium temperature at reactor core inlet 250°C 
Helium flow rate in primary circuit 4.3 kg/s 
Pressure at steam generator outlet 4MPa 
Outlet steam temperature of steam generator 440°C 
Water supply temperature of steam generator 104°C 
Fuel UO? 
U4? enrichment concentration of new fuel 17% 
Shape of fuel element spherical 
Max. allowed temperature of fuel element 1600°C 
Max. temperature of fuel element 1200°C 
Reactor core volume (active zone) $m? 
Average power density of the reactor core 2MW/m? 
Total number of fuel elements in reactor core 27,000 
Mode of fuel cycle multiple pass 
Average consumption 80,000MWd/t 





Max. neutron flux in reactor core 


1.75 x 10! n/cm4s 





Max. thermal neutron flux in reactor core 


3.43 x 10'n/cm4s 




















Number of control rods (First shutdown system) 10 

Total equivalent AK/K of control rod 15.6% 
Number of absorbing spheres (second system) 7 

Absorbing material B4C in graphite matrix 
Total AK/K equivalence of absorbing sphere device 12.46% 
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Study on Nuclear Power Plant Expert System 


956B0040A Beijing HE DONGLI GONGCHENG 
[NUCLEAR POWER ENGINEERING] in Chinese 
Vol 15 No 5, Oct 94 pp 408-411, 435 


[Article by Wei Renjie [7614 0088 2638] and Shen Shifei 
[3947 0013 7378] of Qinghua University, Beijing, 
100084; MS received 16 Oct 93, revised 20 Feb 94] 


[FBIS Abstract] This paper presents a software package 
which can help operators diagnose and deal with 
abnormal and accident conditions of a PWR and return 
the PWR to its safety status. The software package, 
called ESPWR, is an artificial intelligence system written 
in Chinese using the internal and external knowledge 
base technology. This system can be used for operator 
training and operation-level testing by the managers. 
There are two versions of ESPWR and this paper 
describes the principles and main functions of the 2.0 
version of ESPWR. In the paper a diagnostic example is 
given for the TTWRT (turbine trip without reactor trip) 
situation. For this case the operator selects from the 
screen menu “main steam valve closed” and “reactor not 
tripped” and hits the return key on the computer. The 
screen will display: “The situation may be turbine 
tripped without reactor tripping.”” Upon hitting the 
return key again, the screen displays: “IMMEDIATE 
ACTIONS (1) If power level was above 10 percent prior 
to the turbine trip, verify that the reactor is tripped. ...... 
(6) Verify plant auxiliaries shift to start-up transformer 
and generator lockout occurs approximately one minute 
after generator trip.” Pressing the return key again, the 
screen will show: “SUBSEQUENT ACTIONS (1) Main- 
tain steam generator lever at the no-load reference level 
(52 percent) using the bypass feedwater control valves. 
se (9) After appropriate corrective actions have been 
completed, return the turbine to service.” The inquiry 
displays of ESPWR Ver 2.0 have not been all converted 
into Chinese; it is expected that the 3.0 version will be all 
Chinese. 


Figures 5, Table 1, Chinese references 2, English reference |. 


Accident Safety Analyses for In-Pile Test Loops 


956B0040B Beijing HE DONGLI GONGCHIENG 
[NUCLEAR POWER ENGINEERING] in Chinese 
Vol 15 No 5, Oct 94 pp 436-439 


[Article by Zhang Shishun [1728 0013 7311] of China 
Institute of Atomic Energy, Beijing 102413; MS received 
20 Sep 93, revised 11 Apr 94] 


[FBIS Abstract] The reliability of in-pile test loops is 
attracting increased attention of the nuclear safety 
department. The reliability of in-pile test loops not only 
affects the safety of the loops themselves, but also the 
safety of other associated systems of the reactor. In terms 
of system pressure, in-pile test loops may be divided into 
high-pressure and low-pressure types. The author of this 
paper describes three popular system analysis software 
packages: TRAC, RELAPS, and RETRANO2. TRAC 
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(Transient Reactor Analysis Code) was developed by Los 
Alamos National Laboratory under NRC funding in the 
United States. The current version is TRAC- 
PF1/MOD1. RELAPS is the fifth level of the Reactor 
Leak and Power Safety Excursion codes for analyzing 
loss of cooling agent incidents of light water reactors. 
The current version is RELAPS/MOD2. The RETRAN 
software is a computer program that predicts the tran- 
sient characteristics of a thermodynamic and hydraulic 
system. It resulted from some EPRI research projects. 
The author compares these codes and believes it desir- 
able to use RELAP5/MOD2 for analyzing in-pile test 
loops. All the results presented in the paper were 
obtained using RELAPS/MOD2. An example was given 
for a loss of cooling water incident due to a small fracture 
on the cold end of the main loop. Accident safety 
analyses were performed for the high-pressure test loop 
using RELAPS/MOD2 and the results show that the 
design of the test loop meets the corresponding accep- 
tance criteria. Presented in graphical form are calcula- 
tion results of the temporal dependence of the main loop 
pressure, the water level, the hot-spot cladding temper- 
ature, and the flow rate through the fracture. The author 
concludes by stating that accident safety analysis of 
in-pile test loops is indispensable and should be further 
standardized and systematized. 


Figures 4, Tables 2, no references. 


Radiological Environmental Impact Assessment 
for Transportation of Radioactive Material 


956B0040C Beijing HE DONGLI GONGCHENG 
[NUCLEAR POWER ENGINEERING] in Chinese 
Vol 15 No 5, Oct 94 pp 449-453 


[Article by Shuai Zhenging [1596 7201 3237] of the 
Nuclear Power Institute of China, Chengdu, 610041; MS 
received 24 Jan 94, revised 25 May 94] 


[FBIS Abstract] In the development and utilization of 
nuclear energy, more and more radioactive materials 
need to be transported. In China to date, 3.1 million 
shipments of radioactive materials were made; the 
annual transportation is about 120,000 articles. This 
paper describes a model for evaluating the radiological 
environmental impacts of transportation of radioactive 
material. The radiological effects on personnel in normal 
transportation were computed using the RADTRAN 4.0 
program. Probability for accidents was computed and 
the consequences of a transportation accident were also 
calculated. Accident probability was computed for rural 
areas, suburbs, and cities. The issue of ultimate public 
concern is nuclear criticality. Calculations for the cases 
in the paper show a probability less than 3.8 x 10°'°. The 
results of calculations show that the collective effective 
dose equivalent of accident-free transportation to the 
public and staff is 8.24 x 10“man-Sv-a"'. As long as the 
containers, packaging methods, loading and unloading, 
and stacking techniques all meet the GB! 1806-89 stan- 
dards set by the state, the radiological consequences of 








This report may contain copyrighted material. Copying and dissemination 
is prohibited without permission of the copyright owners. 














JPRS-CST-95-004 
17 March 1995 


an accident should not bring the public and the staff 
adverse effects. The author recommends that containers 
used for transporting radioactive materials must be 
designed and tested strictly according to GB! 1806-89. 
Safety management of radioactive material transporta- 
tion must also be strengthened. Equations 7, Tables 3, 
Chinese reference |, English reference 1. 


Nuclear Industry To Implement Radioactive 
Waste Management Measures 

956B0047A Beijing ZHONGGUO HE GONGYE BAO 
[CHINA NUCLEAR INDUSTRY NEWSPAPER] 

in Chinese 24 Oct 94 p I 


[Article by reporter Li Ligeng [2621 0500 5087]} 


[FBIS Translated Text] As part of the development of 
the nuclear industry and nuclear energy, China is 
keeping a close watch on the control of radioactive 
wastes. Proper application of clearly defined manage- 
ment principles and measures has prevented any occur- 
rence of serious environmental pollution, and has set 
down excellent conditions for the healthy development 
of the nuclear industry and nuclear energy. These were 
the words of Li Dingfan, Vice President of the China 
National Nuclear Corporation, given in his address at 
the opening ceremony of the 1994 session of the “Sym- 
posium on Issues and Measures for Radioactive Waste 
Management in Developing Nations” held by the Inter- 
— Atomic Energy Agency in Beijing from 10 to 13 
ober. 


Li Dingfan briefed the symposium on China’s radioac- 
tive waste management policies and principles which 
seek to: eliminate all radioactive wastes products from 
nuclear engineering activities; plan, construct and 
operate radioactive waste management projects in con- 
junction with the design, construction and operation of 
projects involving nuclear engineering; categorize waste 
management actions according to standards specific to 
particular radioactive waste substances; strictly enforce 
national standards for radioactive waste discharged into 
the environment; adopt policies for handling low- and 
intermediate-level solid radioactive waste materials pro- 
cessing areas and for permanent deep-strata high-level 
waste management; and ensure that methods for tempo- 
rary storage of radioactive wastes are established in 
various provinces and municipalities for handling urban 
radioactive waste. 


In his address Li Dingfan announced the a processing 
site in northwest China has already been approved for 
the disposing of low- and intermediate-level solid radio- 
active waste and a preliminary design for it is being 
worked out. The I st-stage design model calls for a 60,000 
cubic meter processing capacity, and the long-range plan 
is for 200,000 cubic meters. The selection process and 
feasibility study for a south China processing site has 
been completed, and a search is now going on for 
processing sites in the southeast and southwest. Stan- 
dards appropriate to the processing tasks and waste 
container procedures are being drawn up. 
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Li Dingfan said further that the China National Nuclear 
Corporation and State Environmental Protection 
Bureau announced early this year that the results of 
surveillance of the Qinshan Nuclear Power Plant show 
that its three waste control systems are working very 
well, and the total annua! volume of discharge from the 
plant falls well within state designated limits and com- 
ports with the international advanced levels for nuclear 
plants of similar type. 


During the opening ceremony, State Environmental Pro- 
tection Bureau Chief, Xie Zhenhua, said that the 
national radioactive contamination prevention policies 
and regulations have been drafted and are being pre- 
pared for delivery to the Standing Committee of the 
National People’s Congress for approval, and other 
relevant policies and regulations have been or are in the 
process of being drafted. 


The Deputy Director of the International Atomic Energy 
Agency, (Xiedinuofu), and other members, and repre- 
sentatives of various countries attended the symposium. 
Vice Minister of the State Science and Technology 
Commission, Huang Qitao, also attended the opening 
ceremony. Scientific and technological questions rele- 
vant to radioactive waste management practices of var- 
ious countries were discussed at this session to engender 
through cooperative exchange a deeper mutual under- 
standing among nations involved in nuclear science. 


Domestic Nuclear Accident Emergency 
Management System Completed 

956B0047B Beijing ZHONGGUO HE GONGYE BAO 
[CHINA NUCLEAR INDUSTRY NEWSPAPER] 

in Chinese 21 Nov 94 p 1 


[Article by reporter Su Yi [5685 1837] 


[FBIS Translated Text] At the 2nd National Nuclear 
Accident Emergency Management Symposium held in 
Hangzhou from | to 5 November it was learned that after 
many years of preparatory experience China now has a 
preliminary nuclear accident emergency management 
system. 


All the while China has been making peaceful use of 
nuclear energy it has been paying close attention to 
nuclear safety, radiation protection, and nuclear acci- 
dent management. From the very beginning, in order to 
guarantee adherence to the policy of “safety first’, and to 
protect the people and the environment, the national 
government promulgated a series of relevant laws and 
regulations, established the National Nuclear Safety 
Administration, got experts involved in nuclear safety 
supervision, strengthened the radiation protection man- 
agement by environmental and health departments, 
guaranteed the safe construction of the Qinshan and 
Daya Bay Nuclear Power Plants and put them into 
commercial operation with impressive economic and 
social benefits. 
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After many years of practice in preparing for nuclear 
accident emergencies, China has set up a preliminary 
nuclear accident emergency system. On 4 August 1993, the 
State Council promulgated the “Nuclear Power Plant 
Nuclear Accident Management Regulations”, providing 
legal procedures for handling nuclear accident emergencies 
and defining the substance of emergency preparations. The 
various levels of emergency organizations and their gov- 
erning bodies and relevant PLA elements, guided by the 
policy of being “ever alert, compatible, unified in com- 
mand, coordinated, protective of the people and the envi- 
ronment”, and acting under the unified leadership of 
national nuclear accident management departments, are 
engaged in the process of issuing pertinent emergency 
plans, developing contingency personnel training and rel- 
evant research activities, organizing contingency exercises 
and education programs for the broad masses with growing 
results and accumulation of successful experiences. 


This symposium was attended by nearly 100 representa- 
tives from central government organizations and com- 
mittees, the PLA General Staff Headquarters, General 
Logistics Department and relevant PLA persons, the 
Zhejiang and Guangdong Emergency Committees, the 
Shanghai Civil Defense Office, and the China National 
Nuclear Corporation and its relevant units. 


State Council Premier Li Peng and Vice Premier Zou 
Jiahua separately wrote their dedications to the sympo- 
sium. Premier Li Peng wrote, “Develop nuclear energy, 
safety first, protect the people and the environment”. Zou 
Jiahua wrote, “Be ever alert and protect the people.” 


Nation’s First 500 kW Test Loop Operational 


956B0047C Beijing ZHONGGUO HE GONGYE BAO 
[CHINA NUCLEAR INDUSTRY NEWSPAPER] 
in Chinese 21 Nov 94 p I 


[Article by reporter Zhai Peitian [5049 1014 1131] and 
Wang Jinrong [3769 2516 5554}} 


[FBIS Translated Text] On 21 October 1994, the 
National Nuclear Safety Administration notified the 
Nuclear Power Institute of China that it had authorized 
the use of China’s first 500 kW test loop. 


The design and construction of the 500 kW test loop was 
a “major assignment” passed down from the State 
Council. A test loop is made by creating a small reaction 
inside of a high flux reaction. Fuel elements are put into 
a neutron radiation loop within a reaction to simulate a 
nuclear power station operational situation in order to 
conduct radiation tests on fuel elements for use in 
nuclear power stations. 


Fuel elements are irradiated within the reaction to ascer- 
tain the merits and radiation performance of their design, 
materials, and manufacturing technology. Included in this 
500 kW 4X4-4 fuel unit test loop, there were seven 
standard fuel rods for a large-sized nuclear power station, 
three cylindrical fuel rods with extra thick cladding, and 
two high-burn rods, and no matter what the quantity or 
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variety of rods tested, the desired burn targets exceeded 
those of all earlier tests conducted in China. 


After the organized investigation by experts and proofs 
were done, the National Nuclear Safety Administration 
ruled that the various functions of the loop met design 
specifications and it was approved for use. 


Since receiving authorization to operate the test loop, the 
Nuclear Power Institute of China has received requests 
to carry out testing at higher reaction performance 
ratios, and it is doing its utmost to complete its assigned 
mission to test fuel elements for power plants. 


CAS Institute Exports Nuclear Radiation 
Detection Equipment 


956B0047D Beijing ZHONGGUO HE GONGYE BAO 
[CHINA NUCLEAR INDUSTRY NEWSPAPER] 
in Chinese 21 Nov 94 p 2 


[Article by correspondent Song Wenjie [1345 2429 2638]] 


[FBIS Translated Text] The neutron and gamma-ray 
monitoring system manufactured by the High Energy 
Radiation Prevention Technology Center of the CAS 
Institute of High Energy Physics has been well received 
by customers at home and abroad for its sensitivity, 
functional stability, and clever design. Recently another 
batch of 22 sets of detectors and debugging gear were 
completed and were sent to the Pohang Accelerator 
Laboratory in Korea. 


In the process of solving the radiation protection problems 
of China’s first high-energy accelerator, the electron- 
positron collider, the Institute borrowed from advanced 
foreign experience and successfully developed the neutron 
and gamma-ray monitoring system. 


The high energy accelerator is a pulse field and a hybrid 
field of photons and neutrons with energies in excess of 
20 MeV accompanied by a strong magnetic field, which 
creates many difficulties for monitoring dosages. The 
ingenious neutron and gamma-ray monitoring system 
does a good job of solving this problem, and is a very 
important factor in guaranteeing the radiation safety of 
the Beijing electron-positron collider. 


The outstanding service of this facility has attracted the 
attention of lots of domestic and foreign customers. The 
Lanzhou National Heavy-Ion Accelerator Laboratory, 
National Synchrotron Radiation Laboratory at the 
National S&T University at Hefei, and the Qinshan 
Nuclear Power Plant are among more than 10 organiza- 
tions that will be using it for monitoring radiation fields 
at institutes and surrounding environments. Since 1992, 
more than 20 sets and facilities have been sold to Korea, 
Spain and other countries. The 22 sets just packaged up 
were the second batch purchased by Korea, and next 
year they will buy 14 more sets. 


The advanced technology acquired as part of the develop- 
ment of the Institute’s neutron and gamma-ray monitoring 
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system has also led to the development of advanced 
instruments and facilities, such as those in use at the 
national defense facility for surveying and recording 
ephemeral strong neutron radiation phenomena, and for 
microcomputer-controlled nuclear balances made by large 
industrial firms. They have cooperated with the U.S. 
Lawrence Laboratory at Berkeley in developing high- 
energy neutron rem meters for thermal neutrons with 
energy up to 800 MeV, which will be effective for on-line 
dosage measurements of high-energy neutrons from high- 
energy accelerators. 


Qinshan NPP Undergocs First Fuel Change 


956B0047E Beijing ZHONGGUO HE GONGYE BAO 
[CHINA NUCLEAR INDUSTRY NEWSPAPER] 
in Chinese 28 Nov 94 p 1 


{Article by correspondent Ye Lun [2814 6544}} 


[FBIS Translated Text] The Qinshan Nuclear Power 
Plant, which has been operating safely for over two years 
now, fully completed its 1994 mission in generating 
1.779 billion kWh of electric energy, and having pro- 
duced a cumulative total of 4.043 billion kWh, it was 
given its first fuel change and overhaul on 21 October. 
By 17 November 121 fuel assemblies were successfully 
unloaded from the reactor, another first. 


At this juncture, 40 fuel assemblies of 2.4 percent 
enriched uranium were put into the reactor, and working 
diligently, the workers completed the unloading and 
loading of each assembly in advanced world-class form. 


The successful outcome of unloading the fuel demonstrates 
that China is fully capable of operating and overhauling a 
nuclear power station. The 121 unloaded fuel assemblies 
were undamaged, proving to everyone's satisfaction 
China's self sufficiency in the devclopment of good quality 
fuel assemblies for nuclear power stations, and the whole 
exercise provided valuable experience in carrying out fuel 
changes at nuclear power stations. 


Two Large Nuclear Power Plants Planned for 
Zhejiang, Jiangsu 

956B0036A Beijing RENMIN RIBAO OVERSEAS 
EDITION in Chinese 12 Nov 94 p I 


[Article by Wang Qi [3769 7871] and Hu Weiqiang 
[5170 0251 1730)) 


[FBIS Translated Text] We learned from the pertinent 
departments that in order to adapt to the rapid economic 
development in eastern China, the East China Power 
Grid, owner of China’s first indigenously designed and 
constructed nuclear power plant, plans to build two more 
large nuclear power plants in the remaining six years of 
this century. The plan has peaked the interests of major 
companies in the United States and Canada. 


The area served by the East China Power Grid includes 
Shanghai, Jiangsu, Zhejiang, and Anhui; it is one of the 
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fastest growing areas in China. In recent years, the 
electric power demand in this region has been growing at 
a rate of more than 10 percent per annum. The projected 
energy usage for the year 2000 is 275 billion kWh. There 
is clearly an urgent need to solve the power generation 
problem in this area. 


It has been pointed out that the eastern China region 
lacks coal and the water resources are less than ideal. 
Therefore, attention should be given to nuclear power 
while developing thermal electric power generation. 


Qinshan Nuclear Power Plant in east China, having 
installed 300,000 kW of generation capacity in its Phase 
I project, has begun its Phase Il project to build two 
nuclear power generators, each with a capacity of 
600,000 kW. 


In addition, the Ninth 5-Year Plan (1996-2000) of the 
East China Power Grid also includes the construction of 
large nuclear power plants at Sanmenwan in Zhejiang 
and at Lianyun Gang in Jiangsu. The Phase I engineering 
project at these two locations will each build two | 
million kW generators. 


Qinshan Nuclear Power Plant Update 


956B0036B Beijing ZHONGGUO HEGONGYE BAO 
[CHINA NUCLEAR INDUSTRY NEWSPAPER] 
in Chinese No 43, 31 Oct 94 p I 


[Article by Su Yi [5685 1837] and Ye Lun [0673 6544)] 


[FBIS Translated Text} China’s first nuclear power plant 
designed and built by the Chinese, Qinshan Nuclear 
Power Plant, successfully completed its 1994 mission on 
October 21. On the same day, the plant began its first 
fuel change and planned maintenance since it was com- 
pleted and placed on the power grid. 


In 1994, Qinshan Nuclear Power Company, the com- 
pany responsible for the operation of the power station, 
continued to adhere to the central practice of safe and 
stable operation, enhanced its business reform effort, 
absorbed advanced foreign experience of management, 
and improved its management of operation, equipment, 
and safety. Ten generic performance criteria were used 
in the evaluation of Qinshan, these are: generator 
capacity factor, unplanned capacity loss factor, number 
of unplanned, emergency shutdown of reactor for every 
7000 hours of criticality, reliability of the safety system, 
thermodynamic performance, fuel reliability, total oper- 
ator exposure dosage, amount of radioactive solid wastes 
generated, chemical performance, and industrial safety 
time loss factor. These evaluations helped Qinshan to 
make a smooth transition from test run to commercial 
operation and to achieve the impressive economic and 
social benefits. As of 1:26 am, October 21, 1994, 1.779 
billion kWh were generated in this year, which is 148.25 
percent of the planned power generation for 1994 
required by the government. 
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Qinshan first generated electricity on 15 December 
1991. Energy generated by the first batch of nuclear fuel 
has cumulated to a total of 4.043 billion kWh. Environ- 
mental monitoring and investigation data of the govern- 
ment’s environmental protection departments showed 
that the average nuclear radiation level at Qinshan and 
in the 2200 square kilometers around it was within the 
normal range of natural radiation. The presence of the 
nuclear power station has not added any anomaly. No 
radioactive materials were found in the environmental 
media and there were no effects on people's health in the 
surrounding area. 


The first refueling will change about one third (40 
assemblies) of the fuel in the reactor and requires a high 
level of technical skill. Qinshan has been planning the 
refueling since the beginning of the year. They carefully 
prepared each step of the process and held a general staff 
meeting on October 18 to ensure a successful refueling 
and planned maintenance so that the power station may 
be put into operation again to make more contributions 
to the national economic development. 


Evaluation of Operating Reliability Connecting 
awe Bay Nuclear Power Plant in Guangdong 
nce 


956B0036C Beijing ZHONGGUO DIANLI [ELECTRIC 
POWER] in Chinese Vol 27 No 11, 5 Nov 94 pp 2-4, 23 


[Article by Liu Zhaoxu [0491 5128 2485], Xu Zhengx- 
iong [1776 1767 7160], Wang Desheng [3769 1795 
3932], and Yin Yonghua [0603 3057 5478] of the 
Institute of Electric Power Technology, and Chen Qiping 
17115 0120 1627] and Pan Shihua [3382 0013 5478] of 
Guangdong Nuclear Power United Company] 


[FBIS Abstract] This paper describes dynamic and static 
analysis methods for general reliability evaluation of 
nuclear power stations after they are connected to the 
power system. Calculation methods for confidence index 
and probabilistic reliability index are given. Using the 
nuclear power plant at Daya Bay in Guangdong Province 
as an example, this paper discusses the various con- 
straints on the operational mode, economy, and tech- 
nology for a joint operation nuclear power plant, the 
concept of plant power system reliability, and the influ- 
ence of the reliability of using external power grid as 
plant power. The concepts and examples in this paper 
are important for studying the coordination of generator 
and power grid and the safety evaluation of nuclear 
power stations. 


1. Introduction 


After Daya Bay Nuclear Power Plant connects with the 
power grid of Guangdong and Hong Kong, a complete 
generation and transmission system is formed. Com- 
pared to traditional thermal electric power plants, there 
is a tighter effect and constraint between the nuclear 
power generator and the power grid. Therefore, to 
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achieve a perfect coordination through design and oper- 
ation is vital to the reliability and economic performance 
of both the power plant and the power grid. 


According to the code requirement of the International 
Atomic Energy Agency (IAEA) and the experience of the 
French electric power company EDF, the reliability of 
the connected Guangdong and Hong Kong power grid 
should be evaluated quantitatively in order to assess the 
strength of the power grid, the reliability of using it as an 
external power source, and the effects on the design and 
operation of the Daya Bay Nuclear Power Station. It is 
an important part of the safety evaluation of a nuclear 
power station. 


Reliability analysis usually consists of two parts: require- 
ment analysis and safety analysis. Requirement analysis 
refers to the satisfaction of the capacity requirement 
under normal operating conditions. Since this has been 
adequately addressed in the transmission design of the 
power station and the power output will not be impeded, 
it will not be discussed here. The reliability evaluation 
discussed here belong to the realm of power grid safety 
analysis; that is, for a given accident situation, whether 
the external power source for the nuclear power plant 
can be assured. This includes static analysis such as the 
circuit connection, and the maintenance and operation 
of elements of the power grid and the nuclear power 
station, and dynamic analysis such as operation fre- 
quency, and stability of the voltage and the rotor angle. 


With the nuclear power plant connected to the Guang- 
dong-Hong Kong power grid, the power grid is the 
receiver of power generated by the power plant and also 
the provider of external power for the nuclear power 
plant. This dual role gives the power grid and nuclear 
power plant a synergistic relationship. An accident in the 
power grid can disrupt the stable, synchronized opera- 
tion of the two and may even dissociate one from the 
other. Even if they are not dissociated, the frequency and 
voltage fluctuation on the end of the nuclear power plant 
may substantially exceed the maximum range allowed by 
the power plant. Grave consequences of this type are 
generally referred to as failure of external power grid or 
loss of external power supply. In case of such serious 
accident, the Shuibei 220 kV spare external supply will 
automatically kick in to take the place of the 400kV/ 
S00kV main supply. If the failure persists, the nuclear 
power plant will make an emergency start of its first set 
of backup gas turbine generators. If the two gas turbines 
fail to start, then the second backup power supply of the 
plant may be started. Because all power supplies have a 
probability for failure, the reliability of the plant power 
source should be quantitatively assessed using the theory 
of probability in order to study the effects of the various 
uncertainty parameters. 


Based on the experience of the French EDF. the relli- 
ability design of the plant power source of a nuclear 
power plant must satisfy two criteria. One is the dcter- 
ministic criterion and the other is the probabilistic 
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criterion. The deterministic criterion requires that the 
power plant should have two mutually independent 
external power sources (two circuits on the same route 
are permissible.) The probabilistic criterion requires that 
the overall reliability must achieve a failure rate less than 
10° for the combined external sources and internal plant 
sources. Because the French EDF is the general con- 
tractor for the Guangdong Daya Bay Nuclear Power 
Plant, systems in the plant use French design and man- 
agement and their reliabilities are guaranteed by EDF. 
Therefore, the reliability of the Guangdong-Hong Kong 
power grid must reach 10°? in order to assure the overall 
reliability requirement. 


2. Deterministic Evaluation of the External Power 
Source Reliability 


Daya Bay Nuclear Power Plant has two external power 
sources: (1) power from the grid through the 400kV/ 
500kV high voltage transformer, and (2) power from the 
grid through the Shuibei 220 kV circuit. The 500 kV line 
is fed by Guangdong power grid via the Hezen and 
Shashen circuits and the 400 kV line is fed by Hong 
Kong power grid via the double circuits of Dapu and 
Yuanlang. A power supply structure of dual sources 
(Guangdong and Hong Kong grids) and multipaths (2 x 
500 kV, 2 x 400 kV, 1 x 220 kV) is formed, as shown in 
Figure |. The deterministic criterion for reliability is 
therefore satisfied. 


3. Probabilistic Criterion of External Power Source 
Reliability 


The model for evaluating the external power reliability 
for the nuclear power is shown in Figure 2. 
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Ro Figure 2, Mask | and biesh 2 aso in exsies, inienting 

t incidents. When the power grid mal- 
ed mg neighboring nuclear power generators 
can quickly dissociate from the power grid and enter into 
an operational mode that carries the power plant, then 
the external power source is still regarded to be in 
existence. The switching station and the GIS lines are 
connections between the external source and the nuclear 
power plant. Their failure will also result in the loss of 
the external source. A combination of independent inci- 
dents (block 5) represent serious consequences caused by 
all the other incidents that may happen. 


The goal of the operation reliability evaluation (block | 
in Figure 2) for the electric power system is to obtain the 
rate of malfunctions and repair times. In such evalua- 
tions one must consider all the possible modes of oper- 
ation and all conceivable incidents that are consistent 
with China’s power grid stability principle and the 
special requirements of the Guangdong and Hong Kong 
power grids. All the modes of malfunction that can lead 
to a loss of external power must be identified. 


3.1 Modes of operation and operating conditions of 
connected power grids 


e Large power system structure, including connected 


and isolated power grids. 
¢ Different load levels, power reserve and scheduling 


plans. 
¢ Conditions of transmission lines and operation of 


Protection systems and switch operation. 
Effects of bad weather, such as typhoon. 
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Figure 2. Risk Analysis for less of plant power for a nuclear power plant. (Considering both functional failures and 
weather caused failures.) 





3.2 Different modes of a nuclear power plant for losing 
external power source 


e Any anticipated trip or trips without malfunctions, 
including weather-caused common mode trips may 
cause the nuclear power generators to disengage from 
the external grid and lose external power. 


¢ An anticipated malfunction disturbance of the grid 
may disrupt the stable operation of the generator. The 
trunk line of the power station may severely exceed 
the frequency or voltage range and lead to external 
power failure. 


3.3 Anticipated incidents 


Loss of a major transmission line. 
Transmission line suffers three phase short, two phase 
short, two phase short or ground, or single phase 
ground. 
e Trunk line suffers three phase short, two phase short, 
two phase short or ground, or single phase ground. 
¢ Removal of the pump storage unit (during generation 


or pumping). 
e Magnetic failure of generator. 
e Connected grids become dissociated during operation. 


e System suffers short but protection or switch fail to 


3.4 Requirements on operating parameters and voltage 
of the bus line of a nuclear power plant 


3.4.1 System suffers a voltage collapse, voltage at nuclear 
power generator severely low 


The voltage marker of the 500 kV busline, the 400 kV, or 
the main 220 kV line in Guangzhou region remains less 
than 0.75 for more than 0.8 seconds. Nuclear power 
generator terminal voltage reading remains less than 0.7 
for more than 0.3 seconds. 


3.4.2 System suffers frequency collapse, generators suffer 
severe low cycle or high cycle 


Operating frequency drops to 47 Hz for 0.1 seconds or to 
47.5 Hz for 6 seconds. Operating frequency rises to 51.0 
to 52.0 Hz for 5 seconds, or to 53.5 Hz for 0.1 seconds. 


3.5 Calculating the probability for malfunction using 
incident simulation method 

The probabilistic reliability index of the external grid of 
the Daya Bay Nucicar Power Plant was obtained using 
the incident simulation method. Based on all the 
assumed status of malfunctions, time domain perturba- 
tion simulation was conducted for each system to find 
the failure modes. These include disengagement of 
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power station and power grid, grid dynamics leading to 
nuclear power generators exceeding the allowable fre- 
quency or voltage range, loss of stable synchronous 
operation of generators, simultaneous failure of relay 
protection device and switching device, and failure for 
backup unit to engage. The malfunction probability of 
the external grid, A,,, is the sum of the probabilities for 
these individual incidents A,, where i = 1, 2, 3...... 


w= SA 


iw] 


The calculated results are: the probability for malfunc- 
tion for the first two years are respectively 1.4 x 10° 
times/year and 2.1 x 10° times/year after the number | 
and number 2 generators go on line. 


3.6 Reliability index for loss of external power 
The probabilities for losing external power are: 


A, = An ty t+ Ac, 
U, = An Yn tA Yi + Ac Yo, 
Y,=U 


where 


A, is the total malfunction probability of the nuclear 
power plant for losing external power, 


Aw is the probability for disrupting the stability of the 
Guangdong and Hong Kong power grid, 


A, is the probability for losing all the connection between 
the power plant and the power grid due to malfunction 
or overlapping maintenance, 


Ac is the probability for losing all the connections due to 
bad weather, 


U, is the down time per year of the external power 
source, 


Yw is the recovery time for the grid, 


Y, is average recovery time for the connections due to 
malfunctions or overlapping maintenance, 


Y. is the average recovery time for the connections due 
to bad weather, 


Y, is the average recovery time for the external power 
source. 


4. Effects of Bad Weather (Typhoon) on the Power Grid 
Malfunction 


The Daya Bay area suffers from typhoon onslaught 
several times a year. The worst scenario would be losing 
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all five output circuits to typhoon and thus the connec- 
tion between the power plant and the grid. A review of 
the weather data in the Shenzhen region over the past 40 
years (1951-1991) shows that the highest wind speed was 
34 m/s (12th grade), which did not exceed the design 
speed of 40 M/s for the 400 kV and 500 kV high voltage 
towers. Suppose that in 40 years one typhoon exceeded 
the design speed of the tower, then the probability for 
toppling the tower would be 1/40 times/year, which 
would not affect the overall reliability very much. The 
malfunction rate would increase from 2-3 x 10°? to 2.5 x 
10°?. This would not raise the malfunction probability to 
exceed the 10° mark. 


5. Malfunction Probability for the Power Plant To Lose 
All the External Power 


The reliability analysis of a nuclear power plant for 
losing all its exicrnai powei is shown in Figure 2. In 
Figure 2, blocks 6, 7 and 8 are in series. Block 7 shows 
that in a malfunction that resulted in a disengagement, 
the plant power can still be maintained if the generators 
can quickly be switched over to operate with the plant 
power load. Block 8 shows that the two backup diesel 
generators may be started in emergency when the grid 
power is lost. If both diesel generators fail to start, the 6.6 
kV bus line power will be lost. If both LHA and LHB 6.6 
kV lines fail (block 9), then there would be no 6.6 kV 
power at all. The last resort is the auxiliary H3 power. If 
LLS fails (block 11), the entire generator system will be 
without power. 


Based on the reliability index of the standard EDF 
design, and the reliability index obtained in our study, 
the probability for losing all the plant power is 1-2 x 10°’. 


6. Conclusions 


The results of this study showed that the probability for 
Guangdong Daya Bay Nuclear Power Plant to lose its 
external power system is 2-3 x 10°°. This satisfies the 
external power grid reliability requirements of the orig- 
inal EDF design. Based on grid incident statistics, the 
recovery time for grid malfunctions is | hour. 
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Neural Networks Used in Nuclear Power Plants 


40100019C Beijing HE DONGLI GONGCHENG 
[NUCLEAR POWER ENGINEERING] in Chinese 
Vol 15 No 6, Dec 94 pp 493-501 


{Article by Zhao Fuyu of the Xian Jiaotong University, 
710049 and Li Tiejun and Liao Zhongyue of the Nuclear 
Power Institute of China, Chengdu, 610041; (MS 
received 25 Feb 94, revised 10 May 94)] 


{[FBIS Abstract] Neural network theory has been applied 
to various fields and many achievements have been 
obtained in many aspects. Of course, the theory has also 
been applied to nuclear engineering. In this paper, a few 
patterns of neural networks used in nuclear power plants 
are surveyed so as to bring the research directions to 
nuclear work’s attention at home. 


900-Megawatt Nuclear Fuel Assemblies 
Domestically Manufactured 


95P60121A Betjing KEJI RIBAO [SCIENCE AND 
TECHNOLOGY DAILY] in Chinese 1 Feb 95 p I 


{Article by Xie Gengfa] 


{FBIS Summary] Development and manufacturing of 
fuel assemblies and related control assemblies for a 
900MW nuclear reactor have been completed at the 
Yibin Nuclear Fuel Element Plant, and the first sets of 
52 domestically made 900MW nuclear fuel assemblies 
and 64 control assemblies have been shipped to the Daya 
Bay Nuclear Power Plant. The 900MW nuclear fuel 
assembly production line is based on modificatiouis to 
the 300MW nuclear fuel assembly production line used 
to equip the Qinshan Nuclear Power Plant; the modifi- 
cations were carried out over a three-year period from | 
August 1991 to 6 April 1994. The new “big line” can 
now produce 300-, 600-, and 900-MW nuclear fuel 
assemblies and related control assemblies. 


Daya Bay Nuclear Power Plant Update 


956B0054A Beijing RENMIN RIBAO OVERSEAS 
EDITION in Chinese 9 Jan 95 p ! 


[Article by reporter Wang Chu (3769 2806]] 


{[FBIS Translated Text] The two generating units of the 
Daya Bay Nuclear Power Plant were put into commer- 
cial operations in succession and they have been per- 
forming safely and with high efficiency. Last year they 
completed 10.78 billion kWh of operations on the grid, 
and fulfilled their planned 10 billion kWh production 
schedule 29 days ahead of schedule. 


Daya Bay’s two 900MW pressurized-water reactor units 
went into commercial operations successively on | Jan- 
uary and 6 May 1994, and after the No. 2 unit was 
installed it scored a first 243-day consecutive high- 
voltage safe and stable operational performance. To 
date, there has been no nuclear mishap above the grade-|! 
level. 
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According to a spokesman of the Guangdong Nuclear 
Power Joint-Management Corporation discharge of the 
“three wastes” from the plant are all below the national 
standard; gas discharge is at one-fiftieth of the national 
standard, wastewater is one-fifth, and the volume of 
solid-waste discharge is one-tenth of the designed 
capacity. 

Data from the seven radiation monitoring stations 
within a 10-kilometer radius of the plant indicate no 
appreciable variation from the original background fig- 
ures, and biologic tests likewise have shown no signs of 
radioactivity. 


Achievements Made in Peaceful Use of Nuclear 
Technology 

956B0054B Beijing RENMIN RIBAO in Chinese 

1] Jan 95 p § 


[Article by reporter Chen Zujia [7115 4371 3946]] 


{(FBIS Translated Text] China’s nuclear technology 
industrial system has reached a new stage in its 40-year 
history. The peaceful use of atomic energy has born fruit. 
By the end of 1994, the output value of civilian products, 
led by nuclear power, makes up 80 percent of the gross 
output value of the nuclear industry. 


Nuclear power is the spearhead of China’s peaceful use 
of atomic energy. The Qinshan and Daya Bay Nuclear 
Power Plants have a cumulative output of 16.473 billion 
kWh since they started operating, which is about three 
times what the total power output of the whole country 
was in 1952. Late last year nuclear fuel at the Qinshan 
power plant was replaced for the first time, and fuel 
replacement will be carried out at the Daya Bay plant 
this year. No radioactive materials coming from those 
plants has been found in the surrounding env:ronments, 
and discharge of the “three wastes” are well below 
stipulated national limits. 


Construction of the Qinshan second-stage engineering 
project is in full gear, construction of the second nuclear 
power plant in Guangdong has begun, and a location has 
been selected for the Liaoning Nuclear Power Plant. 
China has proved that it mastered the technology for the 
construction, safe operation, shutdown and overhaul! of 
nuclear power plants, and it has become the seventh 
nation in the world with the capability to design and 
build its own nuclear power plants and it is the eighth 
country in the world to export nuclear power plants. 


By using the new emersion-extraction technologies, 
through finding uranium mining resources, and 
employing its nuclear fuel metallurgy, China will be abc 
to have serialized production of Chinese-made nuclear 
fuels for its nuclear power plants. 


China’s isotope and radiation technology industry is an 
important aspect of the peaceful use of atomic energy, 
and it is widely employed in industry, agriculture, med- 
icine, the environment, raw materials, and research 
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fields. China has used irradiation techniques to breed 
400 excellent varieties of dozens of kinds of agricultural 
crops, one-fourth of all of the new varieties in the world. 
New varieties of paddy rice, cotton and soybeans alone 
account for earnings of nearly 4 billion yuan. Over 800 
hospitals throughout the country have set up nuclear 
medical science departments, and 1,200 hospitals are 
using isotopes for diagnosis and treatment. Each year 22 
million radiation tests are done for preventive medicine 
and internal diagnosis and treatment. 


During the last 16 years, the secondary industries in the 
nuclear technology industrial system have developed; 
through their superior talent, technology and facilities; 
comprehensive prospecting, titanium-white powder, 
magnesium metals, aluminum alloys, and fertilizers for 
public use. The output value of civilian products is rising 
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an average of 27 percent per year. In 1994 the output 
value of civilian products increased 56.6 percent over 
the previous year. 

On 15 January, 40 years ago, the Party Central Com- 
mittee established China’s nuclear technology industrial 
system, and that launched the primary industry, which, 
during the next 24 years, surprised the world with a 
series of achievements including the atomic bomb, 
hydrogen bomb, and nuclear submarine. The secondary 
industries began to develop after 1978. There is now a 
complete system encompassing facilities manufacturing, 
technological development, and theoretical research on 
every aspect from uranium prospecting, extraction and 
refining, uranium isotope separation, nuclear elements 
manufacturing, and nuclear fuel reprocessing down to 
the processing of the three waste products. A corps of 
high-level scientific and technical expertise has also 
grown up in the industry. 
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Sino-German Joint Wind Power Electricity- 
Generating System Built in Inner Mongo 
956B0055A Hohhot NEIMENGGU RIBAO in Chinese 
4 Dec 94 pl 


{Article by reporter Ren Yanbin (0117 1750 1387]] 


{[FBIS Translated Text] On 29 November, a Sino- 
German joint venture put into formal operation a multi- 
use electric-power supply system composed of two large 
5kW wind-power generators and a control system in 
Bayan, Aobao Sumu (settlement), Xiziwang Banner, 
putting an end to the history of electric power depriva- 
tion among the pastoral peoples of the area. The resident 
German project manager (Aita Weiseng) and project 
specialist (Rudi Keluekena) presented a set of brand-new 
machinery repair tools to three local technicians as a 
ceremonial gift and wished the people on the plains a 
bright future. 


The dissemination of the system for wide use is part of 
the “Sino-German cooperative project for the utilization 
of wind and solar energy in Chinese Inner Mongolia.” 
The project is being undertaken by the Inner Mongolian, 
Sino-German New Technologies Corporation. Construc- 
tion funds for the power supply system were largely 
provided through financial aid from Germany. The 
Autonomous Region Planning Commission, Inner Mon- 
golian Electric Power Bureau, and the Xiziwang Banner 
Government also made investment inputs. According to 
an official of the Sino-German New Technologies Cor- 
poration, all of the important and key spare parts of the 
system were imported from the German (Weinuosi) 
Corporation, and the system is stable and reliable in 
operations and it has a long life expectancy. One 5kW 
wind-power generator can produce from 1,300 to 1,600 
kWh per year at an average rate of about 40 kWh per 
day. The system is very suitable for use on the frontier, in 
agricultural and pastoral regions where conventional 
power grids are not found, on coastal islands, and border 
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check points where it can be used as a source of elec- 
tricity and hydropower. Experts calculate that its power 
costs about .7 yuan per Kwh, and it is far more efficient 
than individual diesel generators. The official also said 
that the Sino-German New Technologies Corporation, 
with the support of the Autonomous Region Planning 
Commission, is cooperating in the production of 200 sets 
of 5kW wind-power generators. As the Chinese manu- 
facturing of components gains ground, the cost of the 
power system will come down. 


Until then, Bayan, Aobao will rely on expensive diesel 
generators for electricity and that will only provide 
pastoral people of settlement with electricity. Once the 
power supply system is in operation, it will not only 
supply over 60 pastoral households, and over 400 people 
of the settlement with 24 hours of electricity for daily 
living, but there will be surplus power available for 
production. 


An official of the Inner Mongolia Electric Power Bureau 
said that in the last 10 years the Autonomous Region has 
been very successful in using wind and solar power, and 
it has disseminated 100,000 small wind-power equip- 
ment for home use, and stands in first place in the 
country in this regard. There still are 198 settlements or 
villages (Sumu) without electric power and it is very hard 
to provide conventional grid power to them, and approx- 
imately one-third of the people or more must rely on 
wind and solar power. He said, “the Sino-German Joint- 
Venture 5kW electric power system at Bayan, Aobao sets 
a good example and shows the way for the Autonomous 
Region to solve the problem of supplying power to 
settlements.” 


One herdsman of Bayan, Aobao told reporters that, in 
the past, diesel generators were only able to supply them 
power at night, and now, power supply during the 
daytime is no problem. He also said, “With power we 
now are thinking about starting up small-scale processing 
industries, and no longer want to pass our time away 
with drinking and playing cards.” 
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